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Introduction

This Technical Memorandum (TM) describes the approach for calculating upper tolerance
limit (UTL) background values in soil and groundwater at Naval Weapons Station
(WPNSTA) Yorktown, Yorktown, Virginia and WPNSTA Yorktown Cheatham Annex
(CAX), Williamsburg, Virginia. The calculated UTLs establish representative background
concentrations for soil and groundwater inorganics, which can be compared to site-specific
data at a particular environmental site to determine if concentrations are attributable to
releases from these sites or consistent with background levels.

This TM was prepared under the United States Navy Comprehensive Long-term
Environmental Action (CLEAN) Contract N62470-02-D-3052, for submittal to the Naval
Facilities Engineering Command (NAVFAC) Mid-Atlantic Division, United States
Environmental Protection Agency (USEPA) Region 3, and the Virginia Department of
Environmental Quality (VDEQ). The Navy, USEPA, and VDEQ work jointly as the
WPNSTA Yorktown and CAX Tier I Partnering Teams.

Existing soil and groundwater background data for WPNSTA Yorktown are documented in
the Final Summary of Background Constituent Concentrations and Characterization of Biotic
Community from the York River Drainage Basin, Naval Weapons Station Yorktown, Yorktown
Virginia (Baker, 1995) and for CAX in the Final Background Investigation Naval Weapons Station
Yorktown, Yorktown, Virginia, Cheatham Annex Site, Williamsburg, Virginia (Baker, 2003). These
reports document calculation of a 95 percent upper confidence limit (UCL) of the mean
using the individual WPNSTA Yorktown and CAX data sets. These UCLs have been
conservatively used for previous Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) release/risk management assessments and remedial actions.

In July 2009, USEPA and VDEQ approved the Final Background Study Work Plan, Naval
Weapons Station Yorktown, Yorktown, Virginia and Cheatham Annex, Williamsburg, Virginia
(CH2M HILL, 2009) to revise the representative background values in soil and
groundwater. The objective of the background study was not to re-evaluate or re-visit past
use of background data but rather to supplement existing data and establish a more
comprehensive and representative background data set for future application to CERCLA
investigations and remedial actions based on the following:
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CALCULATION OF UTL BACKGROUND VALUES AT NAVAL WEAPONS STATION YORKTOWN AND CHEATHAM ANNEX

e The 95 percent UCL of the mean provides a conservative estimate of the mean and is
used in determining whether the mean of a population exceeds a constant threshold. As
such, it provides a statistic about the the center tendency of a given population and does
not address individual concentrations or provide an estimate of the upper tail of the
distribution.

e A UTL is a more appropriate background threshold value because it represents a UCL of
an upper percentile, specifically for this evaluation, the 95 percent UCL of the 95th
percentile. Individual values consistent with the site population will only rarely exceed
the UTL. The relationship between the UTL and the UCL of the mean is visually
displayed in Insert 1 for a hypothetical normal distribution. The exact relationship of
these statistics will depend on the distribution and variability of the data, how well the
background sample data represents the true parent population, and the number of
background samples, but the UCL of the mean always provides a central tendency
estimate whereas the UTL always provides an upper tail estimate.

e The greatest possible sample size, and therefore more comprehensive background data
set, can be realized by combining existing background data from WPNSTA Yorktown
and CAX facilities that share a common geographic boundary and the same
physiographic, hydrogeologic, and soil association characteristics, which is further
demonstrated by the fact that much of the background data collected as part of the CAX
study are from samples collected on WPNSTA Yorktown.

e Insufficient background groundwater data existed for the Yorktown-Eastover aquifer
relevant to future CERCLA groundwater investigations. More current background data
from existing and new monitoring wells for this transient media were preferred.

INSERT 1
Example Positions of UCL of the Mean and 95/95 UTL (For a Normal Distribution)

True Mean
0.20 A1

0.18 1
0.16 A1
0.14 A
0.12 A

uUTL
0.10 A

Proportion

0.08 A1

0.06 A
True\95th

0.04 A
0.02 A1

0.00 =
Concentration
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CALCULATION OF UTL BACKGROUND VALUES AT NAVAL WEAPONS STATION YORKTOWN AND CHEATHAM ANNEX

The Background Study Work Plan (CH2M HILL, 2009) included a proposed approach for
calculating the soil and groundwater UTL background values. However, since statistical
approaches are dependent upon the distribution of the data and does not account for other
natural variations, the Navy and USEPA agreed to review the data and come to an
agreement on the best statistical approach. This TM describes the agreed upon approach.

Soil Background Evaluation

Summary of Data

A summary of surface and subsurface soil background data and the applicable soil
association is provided in Table 1. Figures from the background investigations showing
these sample locations are provided in Appendix A. As part of the previous WPNSTA
Yorktown background investigation, a total of 40 surface soil and 14 subsurface soil samples
were collected from the five soil associations. The surface soil samples were collected from 0
to 6 inches below ground surface (bgs) and the subsurface soil samples were collected at
varying depths (1 to 33 feet bgs). As part of the previous CAX background investigation, a
total of 40 surface soil and 40 subsurface soil samples were collected from Soil Associations
1 through 4 (Soil Association 5 does not exist at CAX). The surface soil samples were
collected from 0 to 6 inches bgs and the subsurface soil samples were collected from 6 to 24
inches bgs.

The data from Soil Association 5 at WPNSTA Yorktown was excluded from the combined
background data set because this soil association comprises a relatively small portion of the
Base. Because subsurface soils were collected at varying depths (down to 33 feet bgs) during
the previous WPNSTA Yorktown background investigation, only two subsurface samples
collected from WPNSTA Yorktown at the 1-3 foot bgs interval were retained for inclusion in
the combined background data set to be consistent with the 40 subsurface samples collected
from 6 to 24 inches bgs as part of the previous CAX background investigation. In addition,
samples collected as part of the WPNSTA Yorktown background investigation along former
railroad tracks were also excluded from the combined data set as they are considered overly
biased of potential non-point anthropogenic sources.

The WPNSTA Yorktown and CAX background data were combined for this evaluation.
Duplicate results were reconciled to a single value in the same manner that site data is to be
treated, that is, choosing the maximum detect or the lower of two detection limits (when
both duplicates were nondetect). To determine which soil association groups should be
combined when calculating background summary statistics, analysis of variance (ANOVA)
and box and whisker plots were used to establish whether significant differences exist
among soil associations. The conclusions from this evaluation were to calculate separate
inorganic statistics for Soil Association 1 and Soil Association 2 and combined inorganic
statistics for Soil Associations 3 and 4. However, because concentrations in the four soil
associations are comparable, the WPNSTA Yorktown and CAX Partnering Teams agreed to
combine all soil associations when calculating the UTL background values. Subsequent
ANOVA for soil depth (surface and subsurface) was performed to determine whether to
combine the depths or treat them separately for each constituent and soil association
partition. Initially, when less than 50 percent detects existed for a given constituent, the soil
associations and depths were combined since there was insufficient data to indicate that
separate partitions were necessary. However, due to significant differences in inorganic

ES021910042321VBO 3



CALCULATION OF UTL BACKGROUND VALUES AT NAVAL WEAPONS STATION YORKTOWN AND CHEATHAM ANNEX

contaminant concentrations of surface and subsurface soils, the WPNSTA Yorktown and
CAX Partnering Teams agreed to compute separate inorganic surface and subsurface soil
UTLs.

The WPNSTA Yorktown and CAX Partnering Teams agreed to not calculate background
UTL values for organic constituents since a high degree of variability may exist with the
large number of detects.

Statistical Analysis of Inorganic Compunds
Evaluation of Outliers

Soil outliers were evaluated with Dixon’s and Rosner’s outlier tests. Dixon’s test was used
when the number of samples was less than 25 and Rosner’s test was used when the number
of samples was 25 or more. Outlier evaluations were performed on the partitions
determined to serve as separate populations via the ANOVA and graphical evaluation.
Thus, each partition identified for separate calculation of summary statistics was provided a
separate outlier evaluation (CH2M HILL, 2009). A list of soil mathematical outliers is
provided in Table 2. The data included in the evaluation of outliers are plotted as normal
probability plots in Figure 1. An “X” symbol is used for the mathematical outliers. Normal
probability plots graph actual concentrations against theoretical quantiles if the true
distribution of the data were normal. Thus, if the data set has strong adherence to a normal
distribution, the plot resembles a straight line (with limited curvature).

An inspection of the plots in Figure 1 reveals that many of the constituents contain data that
are positively skewed as indicated by upward curvature. This is true even for the portion of
the curve below suspected outliers. Both Dixon’s and Rosner’s test assume that the data
values (aside from those being tested as potential outliers) are normally distributed. When
upward curvature is present, as is the case for many constituents, the data are positively
skewed which leads to more elevated results being identified as mathematical outliers than
if an appropriate transformation of the data could be determined (USEPA, 2006) to render
the data more normally distributed. This project chose to ignore this effect and exclude all
the calculated mathematical outliers from the recommended background data set. Since the
samples were believed to be obtained in appropriate background locations, this is
considered an additional conservative step inthe calculation of background statistics.

Note that a higher percentage of nondetects creates increasing problems with the
application of both Dixon’s and Rosner’s test. Due to this, constituents with a percentage of
detects less than 10 percent were not evaluated by the mathematical outlier tests (but are
included in Figure 1). A visual review of cases where less than 10 percent of results were
detected did not reveal elevated results requiring exclusion from the background data set.

Background Threshold Value Calculations

The background threshold values were calculated as 95 percent/95 percent background
UTLs; that is, upper bounds (with 95 percent confidence) of the background 95th
percentiles. The UTL background values were calculated from the recommended
background data set (values excluding mathematical outliers) following the algorithms and
recommendations from ProUCL (USEPA, 2009). This included determining the
distributional assumption that appeared most appropriate, or using a nonparametric
(distribution free) approach when evidence for a particular distribution was not available.
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CALCULATION OF UTL BACKGROUND VALUES AT NAVAL WEAPONS STATION YORKTOWN AND CHEATHAM ANNEX

The distribution possibilities included the normal, lognormal, and gamma distributions. The
gamma distribution UTL algorithms were added to ProUCL in 2009. The normal
approximation to the gamma distribution (proposed by Hawkins-Wixley) was used to
calculate UTLs when the gamma distribution was determined to be an appropriate
assumption.

As long as at least 60 percent of the results were detected, the distributions appearing most
appropriate via ProUCL’s distributional checks were used to calculate the UTL. For such
cases, when data included some nondetects the ProUCL algorithms sought to apply
maximum-likelihood-estimate (MLE) or regression on order statistics (ROS) techniques to
estimate the mean and standard deviation parameters used in the calculation of the UTLs.
When a UTL estimated using MLE or ROS techniques was possible within ProUCL'’s
algorithms, that approach was preferred over one using alternate proxy values (e.g.,
detection limit divided by 2).

When all results were detected, but no discernable distribution was available, a
nonparametric UTL, based on ranks of the data, was chosen. Another nonparametric
approach provided in ProUCL is the Kaplan-Meier (KM) method. As applied in ProUCL,
this approach estimates the mean and standard deviation for left-censored data sets (those
with nondetects). When at least four detects were available the KM method was applied
both to cases when fewer than 60 percent of the results were detected and when the percent
detects was greater than 60 percent (but less than 100 percent) and no discernable
distribution was available. When fewer than four detects were available (i.e., antimony,
cadmium, and silver in surface soil and beryllium, cyanide, mercury, selenium, and silver in
subsurface soil), no UTL background value was calculated.

Calculated UTL Background Values for Inorganics

Upon agreement of the statistical analysis approach outlined above, final surface and
subsurface soil background concentrations (as well as final groundwater background
concentrations) will be presented in a Background Study Report, to be submitted under
separate cover from this TM. However the preliminary soil UTL background vaules are
presented in Table 3 for constituents detected in background samples. For cases with fewer
than four detects, no calculated UTL background value is provided. Other summary
statistics are also included in Table 3 including the mean and standard deviation of detected
results, minimums and maximums of detected values, and frequency of detection.

Groundwater Background Evaluation

Summary of Data

Existing background groundwater data for the Cornwallis Cave and Yorktown-Eastover
aquifers were available from both WPNSTA Yorktown and CAX previous background
studies. However, this data set provided only six samples from the Yorktown-Eastover
aquifer, which was insufficient to calculate UTL background values. In addition, the
chemical concentrations in groundwater are dynamic with fluctuations in concentrations
that may result from attenuation of constituents, changes in water level evelvations, and/or
groundwater parameters (e.g., pH). Therefore, as approved by the USEPA and VDEQ, a
more current data set for evaluation of background groundwater quality was collected in
2009.
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CALCULATION OF UTL BACKGROUND VALUES AT NAVAL WEAPONS STATION YORKTOWN AND CHEATHAM ANNEX

A summary of groundwater background data is provided in Table 4. Figures depicting the
monitoring well sampling locations are provided in Appendix B. A total of 15 groundwater
samples were collected from the Cornwallis Cave aquifer and a total of 13 groundwater
samples were collected from the Yorktown-Eastover aquifer.

Groundwater samples were analyzed for organics [volatile organic compounds (VOCs),
semi-volatile organic compounds (SVOCs), pesticides, polychlorinated biphenyls (PCBs),
and explosives], and inorganics. The WPNSTA Yorktown and CAX Partnering Teams
agreed to calculate background UTL values for the inorganic constituents, but not the
organic concentrations since a high degree of variability may exist with the large number of
detects.

Statistical Analysis of Inorganic Compounds
Evaluation of Outliers

Groundwater outliers were evaluated with Rosner’s outlier test. This test can be used when
the number of samples is 25 or more, which was the case for each of the groundwater
constituents. A list of groundwater mathematical outliers is provided in Table 5. The data
included in the evaluation of outliers are plotted as normal probability plots in Figure 2. An
“X” symbol is used for the mathematical outliers. Normal probability plots graph actual
concentrations against theoretical quantiles if the true distribution of the data were normal.
Thus, if the data set has strong adherence to a normal distribution, the plot resembles a
straight line (with limited curvature).

An inspection of the plots in Figure 2 reveals that many of the constituents contain data that
is positively skewed as indicated by upward curvature. This is true even for the portion of
the curve below suspected outliers. Rosner’s test assumes that the data values (aside from
those being tested as potential outliers) are normally distributed. When upward curvature is
present, as is the case for many constituents, the data are positively skewed which leads to
more elevated results being identified as mathematical outliers than if an appropriate
transformation of the data could be determined (USEPA, 2006) to render the data more
normally distributed. This project chose to ignore this effect and exclude all the calculated
mathematical outliers from the recommended background data set. Since the samples were
obtained in appropriate background locations, this is considered an additional conservative
step in the calculations of background statistics.

Note that a higher percentage of nondetects creates increasing problems with the
application of Rosner’s test. Due to this, constituents with a percentage of detects less than
10 percent were not evaluated by Rosner’s test (but are included in Figure 2). A visual
review of cases where less than 10 percent of results were detected did not reveal elevated
results requiring exclusion from the background data set.

Background Threshold Value Calculations

The background threshold values were calculated as 95 percent/95 percent background
UTLs; that is, upper bounds (with 95 percent confidence) of the background 95th
percentiles. The UTL background values were calculated from the recommended
background data set (values excluding mathematical outliers) following the algorithms and
recommendations from ProUCL (USEPA, 2009). This included determining the
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CALCULATION OF UTL BACKGROUND VALUES AT NAVAL WEAPONS STATION YORKTOWN AND CHEATHAM ANNEX

distributional assumption that appeared most appropriate, or using a nonparametric
(distribution free) approach when evidence for a particular distribution was not available.

The distribution possibilities included the normal, lognormal, and gamma distributions. The
gamma distribution UTL algorithms were added to ProUCL in 2009. The normal
approximation to the gamma distribution (proposed by Hawkins-Wixley) was used to
calculate UTLs when the gamma distribution was determined to be an appropriate
assumption.

As long as at least 60 percent of the results were detected, the distributions appearing most
appropriate via ProUCL’s distributional checks were used to calculate the UTL. For such
cases, when data included some nondetects, the ProUCL algorithms sought to apply MLE or
ROS techniques to estimate the mean and standard deviation parameters used in the
calculation of the UTLs. When a UTL estimated using MLE or ROS techniques was possible
within ProUCL’s algorithms, that approach was preferred over one using alternate proxy
values (e.g., detection limit divided by 2).

When all results were detected, but no discernable distribution was available, a
nonparametric UTL, based on ranks of the data, was chosen. Another nonparametric
approach provided in ProUCL is the KM method. As applied in ProUCL, this approach
estimates the mean and standard deviation for left-censored data sets (those with
nondetects). When at least four detects were available the KM method was applied both to
cases when fewer than 60 percent of the results were detected and when the percent detects
was greater than 60 percent (but less than 100 percent) and no discernable distribution was
available. When fewer than four detects were available (i.e., dissolved aluminum, antimony,
cobalt, copper, lead, mercury, nickel, selenium, and vanadium and total antimony, copper,
lead, and mercury in the combined data sets from the Corwallis Cave and Yorktown-
Eastover aquifers), no UTL was calculated.

Calculated UTL Background Values for Inorganics

Upon agreement of the statistical analysis approach outlined above, final groundwater
background concentrations (as well as final surface and subsurface soil background
concentrations) will be presented in a Background Study Report, to be submitted under
separate cover from this TM. However the preliminary groundwater UTL background
values are presented in Table 6 for constituents detected in background samples. For cases
with fewer than four detects, no calculated UTL background value is provided. Other
summary statistics are also included in Table 6 including the mean and standard deviation
of detected results, minimums and maximums of detected values, and frequency of
detection.
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Table 1
Summary of Background Soil Data Set

Summary of Samples Included in the Soil Background Data Set

WPNSTA Yorktown

Soil Association Number of Samples Analysis
Surface Soils (0-6")
#1 Bohicket, Johnston, Axis 5
#2 Dogue, Pamunkey, Uchee 10 inoraanics
#3 Emporia, Kempsville, Craven-Uchee Complex 10 9
H#4 Slagle, Emporia, Emporia Complex 11
Subsurface Soil Samples (1-3')
#2 Dogue, Pamunkey, Uchee 1
#3 Emporia, Kempsville, Craven-Uchee Complex 1 Inorganics
CAX
Soil Association Number of Samples Analysis
CAX Surface Soils (0-6")
#1 Bohicket, Johnston, Axis 10
#2 Dogue, Pamunkey, Uchee 10 estiii\égs(/:;’ch
#3 Emporia, Slagle, Craven-Uchee 10 P inoraanics '
H#4 Kempsville, Emporia, Craven-Unchee Complex, Emporia Complex 10 9
CAX Subsurface Soil Samples (6-24")
#1 Bohicket, Johnston, Axis 10
#2 Dogue, Pamunkey, Uchee 10 estiii\égsc/:;’CBs
#3 Emporia, Slagle, Craven-Uchee 10 p ) TOC’
H#4 Kempsville, Emporia, Craven-Unchee Complex, Emporia Complex 10 inorganics,

Summary of S

amples Excluded from the Soil Background Data Set

WPNSTA Yorktown

Number of Samples Analysis
VOCs, SVOCs,
pest/PCBs,
Railroad Background Samples (0-6", Collected proximal to Main Road) 12 explosives, inorganics
Soil Assocation
Surface Soils
#5 Slagle, Bethera, Craven-Uchee 4 Inorganics
Subsurface Soil Samples (collected at varying depths 3-33')
#1 Bohicket, Johnston, Axis 3
#2 Dogue, Pamunkey, Uchee 2
#3 Emporia, Kempsville, Craven-Uchee Complex 1 inorganics
#A4 Slagle, Emporia, Emporia Complex 3
#5 Slagle, Bethera, Craven-Uchee 3
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Table 2: Calculated Soil Outliers (Assuming Normal Distribution)

Sample ID Depth Parameter Units | Qualifier | Result
BG1-SB03-01 SB Aluminum mg/kg 18400
BG1-SB03-01 SB Arsenic mg/kg 10.4
BG1-SB09-01 SB Arsenic mg/kg 12.5

BG2-SB01-01D SB Arsenic mg/kg 15.9
BG4-SB01-01 SB Arsenic mg/kg 18.6
BG4-SB10-01 SB Arsenic mg/kg 13.8
BG1-SB06-01 SB Calcium mg/kg 32200
BG2-SB06-01 SB Calcium mg/kg 162000
BG1-SB03-01 SB Chromium mg/kg 37.5
BG2-SB05-01 SB Cobalt mg/kg J 7.3
BG3-SB09-01 SB Cobalt mg/kg J 8.1
BG4-SB09-01 SB Cobalt mg/kg J 7
BG1-SB03-01 SB Copper mg/kg J 9.6
BG1-SB09-01 SB Copper mg/kg J 9
BG2-SB06-01 SB Copper mg/kg J 5
BG1-SB03-01 SB Lead mg/kg 23.3
BG1-SB08-01 SB Lead mg/kg 83.7
BG1-SB09-01 SB Lead mg/kg 35.3

BGSB05-01 SB Lead mg/kg J 13.7
BG1-SB03-01 SB Magnesium mg/kg 4630
BG1-SB04-01 SB Magnesium mg/kg 1810
BG1-SB09-01 SB Magnesium mg/kg 3340
BG2-SB02-01 SB Magnesium mg/kg 1420
BG2-SB06-01 SB Magnesium mg/kg 3340
BG3-SB09-01 SB Manganese mg/kg 208

BG4-SB01-01D SB Manganese mg/kg 195
BGSB04-01D SB Manganese mg/kg J 254
BG1-SB03-01 SB Potassium mg/kg 4240
BG1-SB04-01 SB Potassium mg/kg J 2370
BG1-SB06-01 SB Potassium mg/kg J 1970
BG1-SB09-01 SB Potassium mg/kg 2790
BG2-SB06-01 SB Potassium mg/kg 2100
BG1-SB01-01 SB Selenium mg/kg B 0.8
BG1-SB04-01 SB Selenium mg/kg B 0.9
BG1-SB05-01 SB Selenium mg/kg L 1.9

BG2-SB01-01D SB Selenium mg/kg J 1.2
BG2-SB08-01 SB Selenium mg/kg J 0.87
BG1-SB03-01 SB Sodium mg/kg 9810
BG1-SB06-01 SB Sodium mg/kg 2560
BG1-SB08-01 SB Sodium mg/kg 1700
BG1-SB09-01 SB Sodium mg/kg 10400
BG1-SB10-01 SB Sodium mg/kg 2360
BG1-SB03-01 SB Vanadium mg/kg 53.8
BG1-SB03-01 SB Zinc mg/kg 52.9
BG1-SB09-01 SB Zinc mg/kg 34.3

BG2-SB01-01D SB Zinc mg/kg 29.5
BG2-SB06-01 SB Zinc mg/kg 30.8
BG4-SB01-01 SB Zinc mg/kg 32
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Table 2: Calculated Soil Outliers (Assuming Normal Distribution)

Sample ID Depth Parameter Units | Qualifier | Result
BG1-SS03-00 SS Aluminum mg/kg 16500
BGS21 SS Aluminum mg/kg 15600
BGS28 SS Aluminum mg/kg 19200
BG1-SS03-00 SS Arsenic mg/kg 9.9
BG1-SS06-00 SS Arsenic mg/kg 8.3
BG4-SS01-00D SS Arsenic mg/kg 11.7
BGS21 SS Arsenic mg/kg 63.9
BGS20D SS Barium mg/kg 75.7
BGS28 SS Barium mg/kg 80.2
BGS38 SS Barium mg/kg 76.3
BG1-SS03-00 SS Beryllium mg/kg J 1.1
BGS38 SS Beryllium mg/kg J 0.93
BG1-SS04-00 SS Calcium mg/kg 2950
BG1-SS05-00D SS Calcium mg/kg 3500
BG1-SS06-00 SS Calcium mg/kg 33500
BG2-SS06-00 SS Calcium mg/kg 3320
BGS04 SS Calcium mg/kg 7820
BG1-SS03-00 SS Chromium mg/kg 43.2
BG1-SS09-00 SS Chromium mg/kg 26.8
BG1-SS03-00 SS Copper mg/kg 22.1
BG1-SS06-00 SS Copper mg/kg J 8.8
BG1-SS09-00 SS Copper mg/kg J 9.8
BGS04 SS Copper mg/kg 24.4
BG1-SS03-00 SS Lead mg/kg 136
BG1-SS09-00 SS Lead mg/kg 34.7
BGS07 SS Lead mg/kg 43.1
BGS22 SS Lead mg/kg L 25.3
BGS28 SS Lead mg/kg L 38.7
BG1-SS03-00 SS Magnesium mg/kg 6770
BG1-SS04-00 SS Magnesium mg/kg 2050
BG1-SS09-00 SS Magnesium mg/kg 5290
BGS34D SS Magnesium mg/kg 1610
BG4-SS10-00 SS Manganese mg/kg 435
BGS03 SS Manganese mg/kg 491
BGS38 SS Manganese mg/kg 413
BG1-SS03-00 SS Nickel mg/kg J 14.2
BG1-SS03-00 SS Potassium mg/kg 4560
BG1-SS04-00 SS Potassium mg/kg J 1420
BG1-SS09-00 SS Potassium mg/kg 3510
BG2-SS06-00 SS Potassium mg/kg L 1210
BGS34D SS Potassium mg/kg J 1640
BG1-SS04-00 SS Selenium mg/kg J 1.5
BG1-SS05-00D SS Selenium mg/kg J 1.2
BG1-SS06-00 SS Selenium mg/kg J 2.7
BG4-SS01-00D SS Selenium mg/kg L 1.4
BG4-SS10-00 SS Selenium mg/kg K 1.2
BG1-SS03-00 SS Sodium mg/kg 21300
BG1-SS04-00 SS Sodium mg/kg 2610
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Table 2: Calculated Soil Outliers (Assuming Normal Distribution)

Sample ID Depth Parameter Units | Qualifier | Result
BG1-SS06-00 SS Sodium mg/kg 2970
BG1-SS09-00 SS Sodium mg/kg 20500
BG1-SS10-00 SS Sodium mg/kg 4140
BG1-SS03-00 SS Vanadium mg/kg 50.3
BG1-SS09-00 SS Vanadium mg/kg 41.2

BGS28 SS Vanadium mg/kg 34.7
BG1-SS03-00 SS Zinc mg/kg 113
BG1-SS08-00 SS Zinc mg/kg 41.2
BG1-SS09-00 SS Zinc mg/kg 47.8

BGS04 SS Zinc mg/kg 37.5

BGS28 SS Zinc mg/kg 48.4
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Table 3: Summary Statistics for Soil Background Data

Calculated Number of| Number of| Frequency of Percent Minimum | Maximum | Minimum DL Maximum Location of Mean | Standard
Soil Association Depth Chemical Group Parameter UTL Basis Units | Detected | Detected for Non- DL for Non- | Maximum Detected | Value [ Deviation
95/95 UTL Detects | Analyses Detects Detects .

Value Value detects detects Concentration Detects | Detects
Soil Associations 1, 2, and 3/4 SB Total Metals Aluminum 13000 Normal UTL 41 41 41/41 100 mg/kg 238 12600 NA NA BG2-SB04-01 6140 3230
Soil Associations 1, 2, and 3/4 SB Total Metals Arsenic 5.54 Kaplan Meier UTL 17 37 17/37 46 mg/kg 0.7 6.8 0.28 2.5 BG2-SB06-01 3.38 1.57
Soil Associations 1, 2, and 3/4 SB Total Metals Barium 84.5 Gamma UTL 42 42 42/42 100 mg/kg 0.9 58 NA NA BG4-SB04-01 27.1 14.6
Soil Associations 1, 2, and 3/4 SB Total Metals Beryllium NA Fewer than Four Detects 2 42 2/42 5 mg/kg 0.49 0.52 0.1 1.2 BGSB05-01 0.505 0.0212
Soil Associations 1, 2, and 3/4 SB Total Metals Calcium 2380 Lognormal UTL 40 40 40/40 100 mg/kg 56.4 1810 NA NA BG2-SB01-01 502 487
Soil Associations 1, 2, and 3/4 SB Total Metals Chromium 33.7 Gamma UTL 40 41 40/41 98 mg/kg 2.4 26.4 3.5 3.5 BG2-SB02-01 10.4 6.55
Soil Associations 1, 2, and 3/4 SB Total Metals Cobalt 5.18 Normal UTL MLE 33 39 33/39 85 mg/kg 0.2 6 0.16 1.4 BG4-SB10-01 2.27 1.28
Soil Associations 1, 2, and 3/4 SB Total Metals Copper 3.17 Kaplan Meier UTL 21 39 21/39 54 mg/kg 0.71 3.2 0.43 3.9 BG4-SB01-01 1.85 0.86
Soil Associations 1, 2, and 3/4 SB Total Metals Cyanide NA Fewer than Four Detects 1 42 1/42 2 mg/kg 2.7 2.7 0.04 0.59 BG1-SB03-01 2.7 NA
Soil Associations 1, 2, and 3/4 SB Total Metals Iron 32000 Gamma UTL 42 42 42/42 100 mg/kg 1280 30000 NA NA BG2-SB01-01 10200 7050
Soil Associations 1, 2, and 3/4 SB Total Metals Lead 8.79 Normal UTL 38 38 38/38 100 mg/kg 2.6 8.3 NA NA BG2-SB10-01 5.67 1.46
Soil Associations 1, 2, and 3/4 SB Total Metals Magnesium 1120 Gamma UTL 37 37 37/37 100 mg/kg 115 1350 NA NA BG1-SB06-01 433 264
Soil Associations 1, 2, and 3/4 SB Total Metals Manganese 176 Gamma UTL 39 39 39/39 100 mg/kg 2.9 154 NA NA BG4-SB09-01 47.2 39.4
Soil Associations 1, 2, and 3/4 SB Total Metals Mercury NA Fewer than Four Detects 2 42 2/42 5 mg/kg 0.067 0.14 0.036 0.12 BG4-SB03-01 0.104 0.0516
Soil Associations 1, 2, and 3/4 SB Total Metals Nickel 17.6 Gamma UTL 39 42 39/42 93 mg/kg 0.51 11 0.99 3.8 BG1-SB03-01 3.9 2.41
Soil Associations 1, 2, and 3/4 SB Total Metals Potassium 901 Kaplan Meier UTL 20 37 20/37 54 mg/kg 276 1190 78.8 259 BG1-SB05-01 519 274
Soil Associations 1, 2, and 3/4 SB Total Metals Selenium NA Fewer than Four Detects 3 39 3/39 8 mg/kg 0.26 0.64 0.57 1.8 BG4-SB10-01 0.427 0.194
Soil Associations 1, 2, and 3/4 SB Total Metals Silver NA Fewer than Four Detects 1 42 1/42 2 mg/kg 1.1 1.1 0.1 0.88 BGSB05-01 1.1 NA
Soil Associations 1, 2, and 3/4 SB Total Metals Sodium 811 Kaplan Meier UTL 4 37 4/37 11 mg/kg 58.5 1560 135 973 BG1-SB04-01 754 778
Soil Associations 1, 2, and 3/4 SB Total Metals Vanadium 48.3 Gamma UTL 41 41 41/41 100 mg/kg 2.1 37.8 NA NA BG1-SB09-01 16.2 9.84
Soil Associations 1, 2, and 3/4 SB Total Metals Zinc 28 Gamma UTL 34 37 34/37 92 mg/kg 4.5 20.9 2.5 4 BG1-SB02-01 10.7 4.84
Soil Associations 1, 2, and 3/4 SS Total Metals Aluminum 12200 Gamma UTL 72 72 72[72 100 mg/kg 235 12900 NA NA BGS20 4780 2660
Soil Associations 1, 2, and 3/4 SS Total Metals Antimony NA Fewer than Four Detects 3 73 3/73 4 mg/kg 1 11 0.33 10.6 BGS35 7.07 5.33
Soil Associations 1, 2, and 3/4 SS Total Metals Arsenic 6.36 Lognormal UTL 54 71 54/71 76 mg/kg 0.094 6 0.23 3.1 BG1-SS09-00 1.99 1.41
Soil Associations 1, 2, and 3/4 SS Total Metals Barium 52.9 Normal UTL MLE 69 72 69/72 96 mg/kg 0.75 62 16.1 32.7 BGS04 23.9 12.1
Soil Associations 1, 2, and 3/4 SS Total Metals Beryllium 0.587 Kaplan Meier UTL 30 73 30/73 41 mg/kg 0.23 0.79 0.079 0.74 BG4-SS10-00 0.433 0.146
Soil Associations 1, 2, and 3/4 SS Total Metals Cadmium NA Fewer than Four Detects 3 75 3/75 4 mg/kg 1.2 15 0.077 1.4 BGS30 1.33 0.153
Soil Associations 1, 2, and 3/4 SS Total Metals Calcium 2290 Gamma UTL 68 70 68/70 97 mg/kg 45.8 2940 258 319 BGS20 643 651
Soil Associations 1, 2, and 3/4 SS Total Metals Chromium 18.2 Lognormal UTL 72 73 72/73 99 mg/kg 1.8 18.3 2.8 2.8 BGS34 6.96 4.02
Soil Associations 1, 2, and 3/4 SS Total Metals Cobalt 9.93 Gamma UTL 66 75 66/75 88 mg/kg 0.2 6.7 0.13 2.3 BG4-SS10-00 2.4 1.5
Soil Associations 1, 2, and 3/4 SS Total Metals Copper 4.25 Kaplan Meier UTL 50 71 50/71 70 mg/kg 0.41 5.3 0.83 3.5 BGS28 2.27 1.19
Soil Associations 1, 2, and 3/4 SS Total Metals Iron 19900 Nonparametric UTL 75 75 75/75 100 mg/kg 1470 20300 NA NA BG4-SS01-00 6430 4650
Soil Associations 1, 2, and 3/4 SS Total Metals Lead 17.4 Normal UTL 70 70 70/70 100 mg/kg 1.1 22.7 NA NA BGS04 10.2 3.61
Soil Associations 1, 2, and 3/4 SS Total Metals Magnesium 1070 Lognormal UTL 67 71 67/71 94 mg/kg 112 1200 92.1 292 BG1-SS05-00 394 278
Soil Associations 1, 2, and 3/4 SS Total Metals Manganese 324 Gamma UTL 72 72 72[72 100 mg/kg 6.9 340 NA NA BGS20 96.1 81.6
Soil Associations 1, 2, and 3/4 SS Total Metals Mercury 0.111 Kaplan Meier UTL 7 75 7175 9 mg/kg 0.051 0.24 0.037 0.16 BG1-SS03-00 0.119 0.0658
Soil Associations 1, 2, and 3/4 SS Total Metals Nickel 9.52 Normal UTL MLE 63 74 63/74 85 mg/kg 0.37 11.9 1 4.1 BGS20 4.6 2.45
Soil Associations 1, 2, and 3/4 SS Total Metals Potassium 708 Kaplan Meier UTL 22 70 22/70 31 mg/kg 245 911 86.8 449 BG1-SS06-00 560 201
Soil Associations 1, 2, and 3/4 SS Total Metals Selenium 0.51 Kaplan Meier UTL 22 70 22/70 31 mg/kg 0.27 0.69 0.22 2.2 BG2-SS02-00 0.384 0.117
Soil Associations 1, 2, and 3/4 SS Total Metals Silver NA Fewer than Four Detects 3 75 3/75 4 mg/kg 0.16 2.1 0.096 1.1 BGS21 1.09 0.973
Soil Associations 1, 2, and 3/4 SS Total Metals Sodium 521 Kaplan Meier UTL 36 70 36/70 51 mg/kg 17.4 1960 73.6 568 BG1-SS05-00 93.3 321
Soil Associations 1, 2, and 3/4 SS Total Metals Vanadium 27.9 Gamma UTL 72 72 72[72 100 mg/kg 2.4 29.8 NA NA BGS27 12 6.35
Soil Associations 1, 2, and 3/4 SS Total Metals Zinc 26.5 Gamma UTL 70 70 70/70 100 mg/kg 3.6 30 NA NA BG1-SS06-00 12.1 5.98




Table 4
Summary of Background Study Wells Sampled
(corresponds to maps in Appendix B)

Aquifer Well ID
YBKL-GW02W
YBKL-GW01®
YBKG-GW15-3@
YBKG-GWO08SA®
YBKG-GW14-3@
YBKG-GW07A®
YBKG-GW07%
YBKG-GW01?
YBKG-GWO06A®
YBKG-GW12-3@
YBKG-GW13-3@
YBKG-GWO03A®
YBKG-GWO05A®
YBKG-GW11-3@
YBKG-GW10®
YBKG-GW15-1?
YBKG-GW15-2?
YBKG-GW14-1?
YBKG-GW14-2?
YBKG-GW01A®
YBKG-GW12-1@
YBKG-GW12-2?
YBKG-GW13-1?
YBKG-GW13-2?
YBKG-GW11-1?
YBKG-GW11-2@
YBKG-GWO09A®
YBKG-GW10A®

Cornwallis Cave

Yorktown-Eastover

Winstalled as part of the previous CAX Background Study (Baker, 2003).

@|nstalled as part of the USGS Shallow Aquifer Study of Naval Weapons Station Yorktown (Brockman et. al, 1997).

®nstalled as part of the previous Yorktown Background Study (Baker, 1995). Note: This well replaces USGS well 58G58
(N4) - the intended sampling location; however, the field crew discovered that USGS well had been destroyed by past
vehicular activity.

@installed as part of the previous Yorktown Background Study (Baker, 1995).

®New well installed as part of groundwater sample collection (CH2M HILL, 2009).
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Table 5: Calculated Groundwater Outliers (Assuming Normal Distribution)

Sample ID Parameter Units Qualifier | Result
YBKG-GWO01A-YE-0809 Aluminum ug/L K 30700
YBKG-GWO05A-CC-0809 Aluminum ug/L K 2080
YBKG-GWQ07-CC-0809 Aluminum ug/L 8140
YBKG-GW10-CC-0809 Aluminum ug/L K 2650

YBKG-GW15P-3-CC-0809 Aluminum ug/L 1720
YBKG-GWO01A-YE-0809 Aluminum, Dissolved ug/L K 869
YBKG-GWO01A-YE-0809 Arsenic ug/L 15.4
YBKG-GWO05A-CC-0809 Arsenic ug/L 2.5
YBKG-GWQ07-CC-0809 Arsenic ug/L 8.9
YBKG-GWO08A-CC-0809 Arsenic ug/L 4.3
YBKG-GWO09A-YE-0809 Arsenic ug/L 7.8
YBKG-GWO08A-CC-0809 Arsenic, Dissolved ug/L 2.5
YBKG-GWO09A-YE-0809 Arsenic, Dissolved ug/L 6.2
YBKG-GW15-1-YE-0809 Arsenic, Dissolved ug/L J 1.6
YBKG-GWO01A-YE-0809 Barium ug/L J 178
YBKG-GWO07A-CC-0809 Barium ug/L 231
YBKG-GWO01A-YE-0809 Chloroform ug/L 3.8
YBKG-GWO01A-YE-0809 Chromium ug/L 96.8
YBKG-GWO01P-CC-0809 Chromium ug/L 103
YBKG-GWO06A-CC-0809 Chromium ug/L 22.3
YBKG-GWQ07-CC-0809 Chromium ug/L 35.1
YBKG-GWO09A-YE-0809 Chromium ug/L 23.5
YBKG-GWO09A-YE-0809 Chromium, Dissolved ug/L 27.8
YBKG-GW14-1-YE-0809 Copper ug/L 117
YBKG-GWO01A-YE-0809 Iron ug/L K 62100
YBKG-GWO05A-CC-0809 Iron ug/L K 4950
YBKG-GW07-CC-0809 Iron ug/L 20100
YBKG-GW10-CC-0809 Iron ug/L K 5870
YBKG-GWO01A-YE-0809 Iron, Dissolved ug/L K 1670
YBKG-GWO03A-CC-0809 Iron, Dissolved ug/L K 1510
YBKG-GW13-3-CC-0809 Iron, Dissolved ug/L K 899
YBKG-GW14-3-CC-0809 Iron, Dissolved ug/L 468
YBKG-GW11-1-YE-0809 Magnesium, Dissolved ug/L 8380
YBKG-GW12-1-YE-0809 Magnesium, Dissolved ug/L 6700

YBKG-GW14P-1-YE-0809 | Magnesium, Dissolved ug/L 6900
YBKG-GW15-1-YE-0809 Magnesium, Dissolved ug/L 7870
YBKG-GWO01A-YE-0809 Manganese ug/L 279
YBKG-GWQ07-CC-0809 Manganese ug/L 104
YBKG-GW10-CC-0809 Manganese ug/L 126
YBKG-GW15-2-YE-0809 Manganese ug/L 77.2
YBKG-GW10-CC-0809 Manganese, Dissolved ug/L 77.2
YBKG-GW15-2-YE-0809 Manganese, Dissolved ug/L 79.7
YBKG-GW13-2-YE-0809 Mercury, Dissolved ug/L L 0.14
YBKG-GWO01A-YE-0809 Nickel ug/L 43.9
YBKG-GWO01P-CC-0809 Nickel ug/L 45.6
YBKG-GWO07A-CC-0809 Potassium ug/L 19000
YBKG-GW10A-YE-0809 Potassium ug/L 18200
YBKG-GWO07A-CC-0809 Potassium, Dissolved ug/L 17800
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Table 5: Calculated Groundwater Outliers (Assuming Normal Distribution)

Sample ID Parameter Units Qualifier | Result
YBKG-GW10A-YE-0809 Potassium, Dissolved ug/L 19100
YBKG-GW15-1-YE-0809 Sodium ug/L 84200
YBKG-GW15-1-YE-0809 Sodium, Dissolved ug/L 85100
YBKG-GWO01A-YE-0809 Vanadium ug/L 83.9
YBKG-GWO01A-YE-0809 Zinc ug/L 146
YBKG-GWO07-CC-0809 Zinc ug/L 37.2
YBKG-GWO07A-CC-0809 Zinc ug/L 34
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Table 6: Summary Statistics for Groundwater Background Data

' . Calculated ' Number of | Number of | Frequency of Percent . Minimum | Maximum | Minimum DL| Maximum |Location of Maximum| Mean Standgrd
Chemical Group Aquifer Parameter UTL Basis Units | Detected | Detected for Non- DL for Non- Detected Value [ Deviation
95/95 UTL Detects Analyses Detects Detects ;
Value Value detects detects Concentration Detects | Detects
Dissolved Metals CC-YE Aluminum, Dissolved NA Fewer than Four Detects 3 25 3/25 12 ug/L 82.4 100 200 200 YBKG-GW15-3-CC 98.8 4.31
Dissolved Metals CC-YE Antimony, Dissolved NA Fewer than Four Detects 1 26 1/26 4 ug/L 9.7 9.7 0.25 20 YBKG-GWO07A-CC 1.95 3.49
Dissolved Metals CC-YE Arsenic, Dissolved 1.37 HW Approx. Gamma UTL 23 23 23/23 100 ug/L 0.27 1.3 NA NA YBKG-GWO06A-CC 0.588 0.268
Dissolved Metals CC-YE Barium, Dissolved 127 HW Approx. Gamma UTL 26 26 26/26 100 ug/L 16.3 101 NA NA YBKG-GWO07A-CC 49.4 26.1
Dissolved Metals CC-YE Cadmium, Dissolved 0.177 Kaplan Meier UTL 6 26 6/26 23 ug/L 0.15 0.17 2 2 YBKG-GW15-1-YE 0.807 0.36
Dissolved Metals CC-YE Chromium, Dissolved 6.04 Kaplan Meier UTL 8 25 8/25 32 ug/L 0.9 5.8 10 10 YBKG-GWO05A-CC 4.17 1.54
Dissolved Metals CC-YE Cobalt, Dissolved NA Fewer than Four Detects 1 26 1/26 4 ug/L 0.7 0.7 50 50 YBKG-GW11-3-CC 24.1 4.77
Dissolved Metals CC-YE Copper, Dissolved NA Fewer than Four Detects 1 26 1/26 4 ug/L 3 3 25 25 YBKG-GW14-1-YE 12.1 1.86
Dissolved Metals CC-YE Lead, Dissolved NA Fewer than Four Detects 1 26 1/26 4 ug/L 1.7 1.7 1.6 10 YBKG-GW10A-YE 3.97 1.73
Dissolved Metals CC-YE Manganese, Dissolved 49.5 Normal UTL MLE 21 24 21/24 88 ug/L 1.7 44.8 1.4 15 YBKG-GW13-3-CC 17.5 12.7
Dissolved Metals CC-YE Mercury, Dissolved NA Fewer than Four Detects 2 25 2/25 8 ug/L 0.072 0.1 0.2 0.2 YBKG-GW13-1-YE 0.0989 0.0056
Dissolved Metals CC-YE Nickel, Dissolved NA Fewer than Four Detects 1 26 1/26 4 ug/L 12.2 12.2 40 40 YBKG-GWO01-CC 19.7 1.53
Dissolved Metals CC-YE Selenium, Dissolved NA Fewer than Four Detects 2 26 2/26 8 ug/L 7.7 9.1 35 35 YBKG-GW14-1-YE 16.8 2.48
Dissolved Metals CC-YE Vanadium, Dissolved NA Fewer than Four Detects 2 26 2/26 8 ug/L 2.5 4.3 50 50 YBKG-GWO09A-YE 23.3 5.88
Dissolved Metals CC Calcium, Dissolved 148000 Normal UTL 13 13 13/13 100 ug/L 36500 123000 NA NA YBKG-GWO07-CC 86800 23000
Dissolved Metals YE Calcium, Dissolved 113000 Normal UTL 13 13 13/13 100 ug/L 26100 93800 NA NA YBKG-GW14-2-YE 58500 20400
Dissolved Metals CC Iron, Dissolved 631 Normal UTL 7 11 7/11 64 ug/L 118 468 200 200 YBKG-GW14-3-CC 248 120
Dissolved Metals YE Iron, Dissolved 275 Kaplan Meier UTL 6 12 6/12 50 ug/L 31.6 234 200 200 YBKG-GW15-2-YE 110 80.3
Dissolved Metals CC Magnesium, Dissolved 3880 Normal UTL 13 13 13/13 100 ug/L 729 3460 NA NA YBKG-GW10-CC 1790 781
Dissolved Metals YE Magnesium, Dissolved 11200 Normal UTL 12 13 12/13 92 ug/L 1280 8380 438 438 YBKG-GW11-1-YE 4400 2510
Dissolved Metals CC Potassium, Dissolved 1710 Normal UTL 11 11 11/11 100 ug/L 775 1450 NA NA YBKG-GWO03A-CC 1090 219
Dissolved Metals YE Potassium, Dissolved 12600 Normal UTL 12 12 12/12 100 ug/L 1140 9360 NA NA YBKG-GW15-1-YE 4430 2970
Dissolved Metals CC Sodium, Dissolved 10000 Normal UTL 10 10 10/10 100 ug/L 4610 8350 NA NA YBKG-GW13-3-CC 6160 1330
Dissolved Metals YE Sodium, Dissolved 62800 Normal UTL 12 12 12/12 100 ug/L 5240 51100 NA NA YBKG-GW12-1-YE 20800 15400
Total Metals CC-YE Aluminum 2230 HW Approx. Gamma UTL 1/2 DL 15 21 15/21 71 ug/L 94 1640 200 200 YBKG-GWO09A-YE 314 381
Total Metals CC-YE Antimony NA Fewer than Four Detects 1 26 1/26 4 ug/L 18.8 18.8 0.28 20 YBKG-GWO07A-CC 2.05 4.28
Total Metals CC-YE Arsenic 2.28 HW Approx. Gamma UTL 21 21 21/21 100 ug/L 0.31 1.9 NA NA YBKG-GW10-CC 0.817 0.467
Total Metals CC-YE Barium 118 HW Approx. Gamma UTL 24 24 2424 100 ug/L 21.5 104 NA NA YBKG-GW11-1-YE 50.9 23.8
Total Metals CC-YE Beryllium 2.45 Kaplan Meier UTL 6 26 6/26 23 ug/L 0.23 2.4 5 5 YBKG-GWO01A-YE 2.08 0.878
Total Metals CC-YE Cadmium 0.605 Kaplan Meier UTL 11 26 11/26 42 ug/L 0.15 0.72 2 2 YBKG-GWO01A-YE 0.683 0.392
Total Metals CC-YE Chromium 15.1 Kaplan Meier UTL 11 21 11/21 52 ug/L 0.9 14 1.2 10 YBKG-GWO05A-CC 5.22 4.01
Total Metals CC-YE Cobalt 20.6 Kaplan Meier UTL 4 26 4/26 15 ug/L 0.73 16.9 50 50 YBKG-GWO01A-YE 22 7.69
Total Metals CC-YE Copper NA Fewer than Four Detects 3 25 3/25 12 ug/L 1.9 12.2 1.9 40.2 YBKG-GW12-3-CC 10.3 4.76
Total Metals CC-YE Lead NA Fewer than Four Detects 2 26 2/26 8 ug/L 0.51 21.3 1.6 10 YBKG-GWO01A-YE 3.24 4.05
Total Metals CC-YE Manganese 57.9 Normal UTL MLE 19 22 19/22 86 ug/L 13.4 57 2.4 15.5 YBKG-GWO08A-CC 26.5 13.9
Total Metals CC-YE Mercury NA Fewer than Four Detects 2 26 2/26 8 ug/L 0.078 0.081 0.2 0.2 YBKG-GW11-1-YE | 0.0984 | 0.00559
Total Metals CC-YE Nickel 11.4 Kaplan Meier UTL 8 24 8/24 33 ug/L 2.2 9.9 40 40 YBKG-GWO06A-CC 14.9 7.58
Total Metals CC-YE Vanadium 26.2 Kaplan Meier UTL 11 25 11/25 44 ug/L 1.2 32.4 50 50 YBKG-GWO07-CC 16.9 11
Total Metals CC-YE Zinc 4.52 Kaplan Meier UTL 7 23 7123 30 ug/L 2.4 4.3 2.8 19.3 YBKG-GW11-2-YE 3.86 2.32
Total Metals CC Calcium 158000 Normal UTL 12 12 12/12 100 ug/L | 34400 124000 NA NA YBKG-GW15-3-CC 92200 24000
Total Metals YE Calcium 169000 Gamma UTL 13 13 13/13 100 ug/L | 35400 146000 NA NA YBKG-GWO01A-YE 66600 30700
Total Metals CC Iron 3590 Normal UTL 10 10 10/10 100 ug/L 198 2880 NA NA YBKG-GWO08A-CC 1230 809
Total Metals YE Iron 894 Normal UTL 10 10 10/10 100 ug/L 114 753 NA NA YBKG-GW13-1-YE 340 190
Total Metals CC Magnesium 3600 Normal UTL 11 11 11/11 100 ug/L 709 3240 NA NA YBKG-GWOQ7A-CC 1750 655
Total Metals YE Magnesium 11500 Normal UTL 13 13 13/13 100 ug/L 963 8770 NA NA YBKG-GW11-1-YE 4620 2560
Total Metals CC Potassium 3490 Gamma UTL 12 12 12/12 100 ug/L 880 3100 NA NA YBKG-GWO07-CC 1510 607
Total Metals YE Potassium 12700 Normal UTL 12 12 12/12 100 ug/L 1570 9260 NA NA YBKG-GW15-1-YE 4820 2870
Total Metals CC Sodium 9920 Normal UTL 10 10 10/10 100 ug/L 4630 8290 NA NA YBKG-GW13-3-CC 6200 1280
Total Metals YE Sodium 64500 Normal UTL 12 12 12/12 100 ug/L 5740 52600 NA NA YBKG-GW12-1-YE 21000 15900
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Figure 1. Probability Plots Using 1/2 the RL as Proxy for NDs
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Appendix A
Previous WPNSTA Yorktown and CAX
Background Investigations Sample Locations




V4 — - — BOUNDARY ———— EDGE OF PAVEMENT
w o — ~~— DRAINAGE —Z2 STRUCTURE WITH
& - 1 A sl MARSH BUILDING NUMBER
W Al Al !
/' . ‘> /” —+—+— RAILROAD ‘ REMEDIAL
. e S 7 , INVESTIGATION SITE
( A 7 Ay X FENCE SITE SCREENING AREA
- ' RN %% o / i /’ <2y (AREA EXTENT APPROXIMATE)
l ’ / BRI ,c 67> N N b/ KING CREEK J
/2] 2 X N\ =27
< 7 /A ‘ [{/j,‘, ,f/ /4 / NG P - PREVIOUS SAMPLING LOCATIONS
. / % #///,///¢ LG L w SRS BACKGROUND MONITORING WELL LOCATION
45 .,“/‘S V% ¥ ,"/; y P 4 ale Al N Z
L, ////1,1221_//,,’ B ﬂy//’ w N 7 BGSW,/SD03 BACKGROUND SURFACE WATER/SEDIMENT/BIOTA
"8 \NAVAL WEAPONS A Lo \\\~—:¢$\\\\ g ) SAMPLE LOCATION
N YORKTOWN / S =) BGSOT  BACKGROUND SURFACE SOIL SAMPLE LOCATION
S ® - ak w0 € BGSBO6
@ g/ wre| (S8 L \ @ BACKGROUND SOIL BORING LOCATION
VAN N | ale
s J Baker Environmentalne | Q S—_— - ROUND TWO RI SAMPLING LOCATIONS
~ i o) BACKGROUND MONITORING WELL LOCATION
~ =L ( g , \ N BGSW/SD04 BACKGROUND SURFACE WATER/SEDIMENT/BIOTA
T \ . N - SAMPLE LOCATION
) ot A At el BG312  BACKGROUND SURFACE SOIL SAMPLE LOCATION
! BALLFIELD AREA = \\\ 75
/ \ 3 — NN i BG3BO7  BACKGROUND SOIL BORING LOCATION
Y\ POND NO.10 1 = = e — \\\ EEoEE
- =S h S ° MAIN ROAD/RAIL ROAD
£ | ) h 7 o o SURFACE SOIL SAMPLE LOCATIONS
A\ SOIL ASSOCIATIONS
- . —~ | BGS40 7\
' NS S~ A N N\ D BOHICKET, JOHNSON, AND
SIXE 24 " e oM N\ ,/l AXIS SOIL ASSOCIATION
J T \“f‘\,/——f—‘\\\ 1 “\ \ 0 DOGUE, PAMUNKEY, AND
e e N G L & \\ UCHEE SOIL ASSOCIATION
~—— —\ © 7 % )
= 5/ BGS39 N D) Y (™ (3) EMPORIA, KEMPSVILLE, AND CRAVEN—
e - // - Y 72\ N UCHEE COMPLEX SOIL ASSOCIATION
EA \ e i 7/ 1526, 1527 1:53”'1/755 7437 -
. * 2 yAPPN . / oy 0 RS (7 SLAGLE, EMPORIA, AND EMPORIA
2 f,_l.,e_,@—/ . //r/// = 1/7 15247 A — COMPLEX SOIL ASSOCIATION
% U i R AN} (3) SLAGLE, BERTHERA, AND CRAVEN—UCHEE
< 5 wl - \ AN R N UEm 5 SOIL ASSOCIATION
2 = / A\ ) b R SOURCE:  HODGES ET AL., 1982
PROPOSED RAIL EXPANSION > ws %D |TE1“J1Z_, 1535//’_ \/ // :lkl:\ ;}(////_ 2N\ o - DRAINAGE BASIN DIVIDE
4 SIK’E\\\Z\\ —~ \\; % < jo /,/ / 7;7 & ‘I‘l - AN
N L o S e\
\\\T{ \ SITE 1 (\ ,__\\://v?///// \\\\\\ /\/\M / L
3 g \ . \% 57 \J "/ \\
A\ BGS38 :Egmo)g" iy N\ //
" /!
/\2}( N \\\\\\\\ \ :U'g ﬁmus ITE 1\1 ~— \\> 17 // \\«/
7= §§ BOAT 431 - _ //
o [ e \ BGS5O0RR S52RR_ ( (/
ale — X 66 \sﬁ ale
W\ BGS51RR N . \\ 19
. \\! \\\ 1899 \‘”\\ \
\\\ 430 | i A\
ale .\la.§§ \\gmh \ \ ) AI:\\ 1883
\ ( SITE 3 \ ~ BGS36
\ ale, = Al *“\§§\%‘ \\1\& *':\ 5 ASH d MAGAZINE ;7/?’;\‘ n} ‘
w Ale \\\ \jl l SITE 4 PILE > GROUP NO.16 N/ s s
\\ ale Al \\\ /,/ _
|7 BGSBO7 \ \M L . o \{‘, f b P o\ & o S ® -
AL Lt /,"‘ w\ O, ™ ‘|<‘ '\;\ *‘L\ ¥ \k/' BG303 - \ 2 BGSBOS \ . A
) - Al - \\ \g 7 95 510 \ ® 1472 BGS34 1965 N7 !
SOy PR Y - \SITE 2 =3, BGGWO4A BGs37 | BGSBO6 \
Al . ale \' \ t ) \ i \
MLBGSW/SD01 Ale m " ale \\l \\\17 ” [ / SSA3| 22\ 1473 e % \\
w e ooy ) Al o y BUSE9RR~ BGGWOZ i O \ o 2
G Al N Lk o o Ak A/ g, " ll‘ ‘Il e w s |/T /22 \ S 1761 N N
W o e $ . /\ -~ “ i K 4 Do BGSBO4 i3 son Y 5
* u A sl N N ( —A\ * < BGB47RR ~BGS4#RR 4 A N\ >
_— o // = \\,_—V—,_\\\is . 1476 7S \\
\&\3 /’/17} c 4\ V / N
1364 y, /// II/ 1588 23 5: 0 §\\ 654
1365 A /i//; - 1ﬂ 2 > \§\\
vses 2247 . ///0/;/;%\ /:I‘\r"\:]ﬁ . Al TaNK k I‘S . L1956 ‘dfﬁ’a' BGSW/S - \\\§§\ 7
- | A S~
]’ 401 \§§§\ 65
o -7 N—T e k . BGS46RR XN
r 121 BGS17 BG§18 71 m \ \ \ oo §§:_
/ / 1500 |
P ( ‘ " " o) 1 | ~ BGS44RR|e \ ITE 23 Lo
4 —_ 7 \ - | ‘k\ BGS45RR-— BGSOZOS FVEL , BeS32 \
173 244 ” 1221 . 1 | 665/ \*°%* g PON 618 1 é ™
\ e ' - o , N & | 159g] % 2 Qe BGSO1 ,/ m' Qe /2
\ BGS11 . - ’ N\ o cs33 PN Q7 ‘e & .u
P - A\ T sesaos X ’ 4 ey
s == T~ = AN - 1218 %° {%‘L\\ e \ O] / / st J ) ITE 5*7% Y,
Al [” / / 1245

~ -
177 1 / /
—

\
\\ = — 128 N k\ 1964 PON \ SITE 9 B9527"1 ‘ / SSAZ %‘ 2 /1 1;%5:3 1 ’ 3(:11 7o
E S BGS16, N RN ) N (3) ASEHA SIERE L\ 8 / e bed  wE

587 \

\
- e Q s
/ \ — \ ~——" 6 A 1451 28 /
BGGWO8 —— 7 \ \ BGS15 1 / 5 \ h 1407\ 58! SSA20 Nl S, \ i 7 ""wds ke,
| _— / \ 441
#—BCSB08 . a0 e , |/ )/ \ V s Pt now
BGGWOBA - 2, —

s Q —
- ~ /
6 | 1361 T4 135 — _ -
ay / N / 1350 o / \
137,

PRI / . 1985 * -7 Q
OPOSER / . | w0 _ \ / \ ( - B6S29/3,
, - / ) 14
R u‘""'« \ — / k 148 1380] 13 '
Al A SN \ 7 136, / / / 1840 2 Y — 1372 X
Exp » \ / t 1914 1357 1353 / / \ . c; 37. , /) suB 2
| [
|

( TANK q 1477 / Vi ! “

l A 1913 UBIRNE / ’ 5 f SITE 2 = 1984 1467, / //

\ / D < J % ] 7 1367 31

BGS14 \ N
\ 1385 [ ] _ - 232 fd | 18199 w / \ O“m’ /
1912 N \ J APPROXIMATE SEWAGE DISPOSAL
PLANT NO. 2 4o —7,!?1 //\—/ -
' ,‘:?/ &/

{ 1489 / (- 380A 1438 Om / >
/ I TEes v K\ BGS23 e 1470 Y . / ® 1822 ‘\&é}mo , 479, 4 D woco,eses
: 1911 )4 ¢ @ = ){ . %// § / ~__-- \g n& BG.530 4 e
E @ . 159 — = o e P
P- - 1BB.'!.|B.,.,18?G7 BGGWO6 ® BGGWO6A > - % 1975 o014 ) 3:2_ D@ \! 001“7 s - ‘S{A\’I 2 5 S i e N P
— ~ P BGSBO6 MGAE ]’ 1950 \\*@ Q —
\\ / o7 1910 13 \ 1o K A / . J
? - \ ] ~ SSA22 :

—“\-D/C;EEK
_ 3o > i = BALLARD
AN : / - o 2 ST < \ R  SITE 26 7 /" Bossos BSOWOSH PN ‘ Zaﬁ" " s / CREEK

- 5 / ~ CORNER N 255 z / - \ - 1796\ 7 / 426/\42 < /
® = = \ o - o = . MAGAZINE GROUP 15 BGGWO5 X 1508 ) y 3/2 =
BGS12 " / o — , soos, 8 N 256 403 1 f"“ 4 Y

/ . e , N P -— = P 250 7 s o= A SSA15 COLONIAL
/ IS, ~ ~ -~ _— 19 \\) . \ - L/ o S = NATIONAL

w - / / -~ - - —— - )/

N\ _ ~ o ' N ) ; ) Vi 7L an #( - \ / — / /7 \ v

/

— ' \ 7 — / BGS19 \
/ [ ] SSA1 7 \ 180 \ BGS41RR /'BGS4 RR 1 | =2 361
1 \ d 1404 ® BGS25 (\ \x.//—BG 43RR Zé SSA4 SSA% ‘5 PICNIC AREA 368
/

nee o BGGWO2A
BGGWO2

d

HISTORICAL
PARK

NS
S
—
/i
&
(9]
w
>
o
\\
N
\—-—
g
NN
AN
\
|

a
1643
e \ 1246

9
D \ | 257 174E W

2 250 o .
\ 2 / nE N
BGS22 e ~—_

o - 1 . ’ : o_~ S BGS27 h
g ‘ 5 | ///// / 15 \\\ e A 1825 ( // ‘ / T5e8 / > \\—//R g
/ ///// < ) / \ 1597! u I / \

/ - 199!

& - %4 X / 2001,

/

. S
P PLANNED 159 1962 -
& R e \ N\ . s A o BGS26 R (4 SITE 18
> < 0 ~ 23 O OLD MAGAZINE 4 CONSTRUCTION [ J P /
o - R 91 |
- - _ ~ "BGSW/SD02 / P-461
-7 <7 g P—440 BGGWO3A /
e BGGwos/ ~ /
- / 1990 BLACKSMITH CORNER. - ) ,’,,:J
. e
7 GATE / /
/ 14 7 P—472 _ - ~
// - s - /
// N 7% =570 — -
{ / 121 7 802
% / ~ - MAGAZINE GROUP 2

I ~ B x s Bos2t - =4
/ " N, l o o TUIRN 5/ o C woo ao ATTACHMENT A
| ’ - ﬂ 1 INCH = 800 FEET YORK RIVER DRAINAGE BASIN

/
l vorkTown\252500wp | NAVAL WEAPONS STATION YORKTOWN YORKTOWN, VIRGINIA




IDENTIFIED IR SITES AND AREAS OF CONCERN AT CHEATHAM ANNEX
¢
CRQ SITES AREAS OF CONCERN (AOCs)
e 158 SITE 1 - LANDFILL NEAR INGINERATOR AOC 1 - SCRAP METAL DUMP
UEY oxeatfsflo P SITE 2 - CONTAMINATED FOOD DISPOSAL AREA AOC 2 - DEXTROSE DUMP
V= SITE 3 - SUBMARINE DYE DISPOSAL AREA AOC 3 - CAD 11/12 POND BANK
= = ~ SITE 4 - MEDICAL SUPPLIES DISPOSAL AREA AOC 4 - IR SITE 4 - MEDICAL WASTE DISPOSAL AREA
ESRA\ - N- SITE 5 - PHOTOGRAPHIC CHEMICALS DISPOSAL AREA AOC 5 - DEBRIS AREA (AN UNDIFFERENTIATED PORTION OF SITE 1)
CHEATHAR  POND, \ ARG LOCATH SITE 6 - SPOILED FOOD DISPOSAL AREA
EPIC STUDY XD ) SITE 7 - OLD DUPONT DISPOSAL AREA
¢ LOCAT . ® SITE 8 - LANDFILL NEAR WAREHOUSE 14
¢N Se. L N\ ~s){SITE 7- SITE 9 - TRANSFORMER STORAGE AREA
Q\)6 2 - "“NAS LOCATION SITE 10 - DECONTAMINATION AGENT DISPOSAL AREA NEAR FIRST STREET
~ R\ SITE 11 - BONE YARD
AN A i © ~ WNTE 7- - SITE 12 - DISPOSAL SITE NEAR WATER TOWER
¢ /1% ENT LOCATION -
S A LEGEND
@ ,ér _—
g [ oXBG2-5807 A, ) APPROXIMATE SITE/AOC BOUNDARY
& ® %\ APPROXIMATE PROPERTY BOUNDARY
> ] A N\ LAKE/POND
P A M T N ~ STREAM OR SHORE LINE
YO RK N\ =) STRUCTURE
S ® STORAGE TANK
& O — ROAD
\V & o
COUNTY 55 y Mo
X T
X p \ ) > — — —  PROPOSED BACKGROUND AREAS TO BE SAMPLED
L I O R @ T Wi PIER A" — EXTENT OF SOILASSOCIATION GROUP
@ NTE QN LOGGING/WILDLIFE AREAACCESS ROAD
O TR ® BACKGROUND SOIL BORING LOCATION
Q D “ 74
S 2 o _ =N Wy 100 FOOT SOIL BORING LOCATION
Z
- EON— o 4 @ BACKGROUND SOIL BORING/MONITORING WELL LOCATION
'%4' * - %, o‘l'ko
?e%sbh, k‘h. =Q
& S " o
L < AT H S Qs 5 SOIL ASSOCIATIONS
4
Ly . &Y > S ©) BOHICKET, JOHNSON, AND
: S va = o & Z ) 5 AXIS SOIL ASSOCIATION
o) IS o o8
b & =N S/ DOGUE, PAMUNKEY, AND
£ \, e/ o B @ UCHEE SOIL ASSOCIATION
y g R =,
Drg, ’_/ > -\ (3)  SLAGLE EMPORIA AND CRAVEN-
/\g/- Loy 804 N - A UCHEE COMPLEX SOIL ASSOCIATION
Tl "
. 3 24 15705 ; K = 9 TP o CXBG1-SBIMWOR \® @ EMPORIA, EMPORIA COMPLEX, KEMPSVILLE, AND
S Xpozsas — A Pary, = S \ ({;s»j o ' 1 CRAVEN-UCHEE COMPLEX SOIL ASSOCIATION
< l T~ G ' A 4 .i SOURCE: HODGES ETAL., 1982
0Ap s
% \ CXBGE3-SBMWO02 Z\
L) N e s = AP . SITE 11 PENNIMAN LAKE e CXBG1-SBOf | ©
O / - > ON CRE
= N - ¢ & WG
/ / £ MORTH FUEL e 2, > v & XBG1-SB08
'i 23
A AOL 1 O JIE 3 SITE6 X5 ;
] DL —~
3) ,, WH
5 2 g -~ -~
X C(BGS SB09 P 8 ke F U E L FAR | SITE 10 o
A = <,
PATROL Roap 5 . b° \ ® /6 s R 5 \ J/AOC 2
ITE 12 ¥ OL: ;IH Fug, 0@\‘16 — ® 7 AO/I/O 2
;s p.O
J / oz © 0 g5 r g
4 L sy,
BG3-SBO5 P o o, 5. o S
© cy@ss 0o > = O] 7 % 2
© ®
® @q. Q . . S - . =
)/ @ o2/ /5@ RIOR "
° 0 S, -\ l"/&o
&
/ / 3 o°* A3 COLONIAT R\NM é&Q m e
/ oy CXB&1-SBMWA1 NATIONAL & / O "
Roq oy CXBG2-606 @) - =
°3 © -\ D% =2 LONAL_NATIONAL isTomen
/ / D‘ \ WE/ \ / /\ 5735 ROCKEY ua Ases ~ta . PARKWAY
\ 5z - ™ E
}fi = Q’@ CXBG1-SBY CXB@-MWO1 7 N e
s ;\ g! o o> CXBG4-SB08
’P%\ @ ¢xBGfEBMWO1 o ///’ CXBG4-§809 oxX BG-SBbS O
S - . '70‘3 \\ @ @ ﬂ o
= m 5 g
Q
o5 0 RDIAN FTEL EK
T B
CXBG4-SBM % N YO 2, | OW CXBG2-SB04 ‘ 1
e 3 ,\/ @ v u%a"a g
CXI -SBQ5 et ¢
o O] CXBG4-SB04 2 ¢
éf" ® 1603 §
§ o % NS -
CXBG4-: / 1 N 27 - % 29
BG(i)'SB‘“) @ FELGATES A 9, a::s 0AD. % ft‘ s X
ROPOSED RAIL EXPANSION @ . "02 p N - 835
- CXBGA4-SB03 NS g &
4\_ . 4 23
é/ y CXBG4-SB07
(32— ® APPROXIMAT CATI OF BGGW01 2
1.8 - WHICH SUBSTI FO -MWO03
GRAPHIC SCALE \ . )
%CD é&' MACAZNE —_— T — 2% / b P 1808
800 0 400 800 1600 \L—\ GRoub 8 SSE e ) “at
\ 3 CROS:
e ey T — | 3
1i (:IN FEiTe)xoo T L/ | = w1) | L
inch = . - o S | A—
SOURCE: LANTDIV, 1992 AND WESTON, 1998. /—/
REVISIONS NORTH NAVAL WEAPONS STATION YORKTOWN FIGURENO.
2 . ’ GROUNDWATER SAMPLE LOCATION MAP
3 CHK: HGW CHEATHAM ANNEX SITE CTO - 0196 -
" -
- S.0.NO.: 26007-196
6 Baker Environmental, Inc.
= FILE: 2196705W Cora lis. P | . | o |
5 opoalis, Fennsyivania SCALE: 1" = 800 DATE: JULY 2002

..\2196705W_Fig 5-1.dwg 3/3/2008 4:28:10 PM




Appendix B
2009 Groundwater Sample Locations
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EPA’'s Comments on Draft TM




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION lli
1650 Arch Street
Philadelphia, Pennsylvania 19103-2029

Robert Thomson, P.E., R.E.M. Direct Dial (215) 814-3357
Office of Federal Facility Remediation Mail Code: 3HS11

Date: May 5, 2010
Mr. Thomas Kowalski
NAVFAC MIDLANT, Code EV3
9742 Maryland Avenue
Building N-26, Room 3208
Norfolk, VA 23511-3095

Re:  Naval Weapons Station—Yorktown NPL site, Yorktown, Va.
Naval Supply Center — Cheatham Annex NPL site, Williamsburg, Va
Review of draft Calculation of Background Concentrations Technical
Memorandum

Dear Mr. Kowalski:

Enclosed, please find the U.S. Environmental Protection Agency’s (EPA’s)
comments pertaining to the review of the U.S. Navy’s (Navy’s) February, 2010 draft
Calculation of Background Concentrations Technical Memorandum (TM) for the Naval
Weapons Station-Yorktown (NWSY) NPL site, and the Naval Supply Center — Cheatham
Annex (CAX) NPL site:

EPA Region 3 has evaluated the appropriateness of statistical methods used by CH2M
HILL to evaluate background concentrations at the NWSY NPL site and the CAX NPL
site. In order to address the objective of this evaluation, in addition to reviewing the
CH2M HILL draft TM, an independent analysis of the background data was performed
for selected contaminants at the NWSY and CAX. This review letter therefore
summarizes: 1) results of the independent analysis performed by EPA for selected COCs;
2) presents review comments on the statistical background study performed by
CH2ZMHILL; and 3) makes recommendations based upon the statistical analyses
performed by EPA.

Establishing Background/Reference Data

Whenever possible, background data sets are collected from pristine unimpacted
locations. When using onsite background data to establish site-specific background level
concentrations, it is necessary to assure that the selected background/ reference locations
are not impacted by onsite activities and/or contamination originating from other
industrial activities potentially impacting the site background.



Outliers in Background Data Sets

Elevated outlying observations in a background data set potentially may represent
locations impacted by the site activities, especially when background data are collected
from locations (e.g., onsite reference area locations chosen at large federal facilities)
potentially impacted by the site and/or other industrial activities. In such scenarios (as is
the case for CAX and NWSY onsite reference areas), all potential outliers are removed
from background data sets (EPA 2000, 2002) before computing decision statistics (e.g.,
UTLs, UPLs) to estimate site-specific background level concentrations.

Tests for Outliers

Dixon and Rosner tests (EPA 2006) are often used to identify outliers. However the use
more effective robust outlier identification procedures (e.g., Tukey’s Biweight function —
Hoaglin, Mosteller, and Tukey,1983; PROP influence function - Singh, 1993, LMS and
MCD methods - Rosseeuuw and Leroy, 1987) is desirable to identify multiple outliers
and multiple populations (e.g., several soil associations). In the present case, in order to
keep things simple and verify computations performed by CH2M HILL, only classical
Dixon and Rosner tests were used.

1.0 Data

Groundwater, surface, and subsurface soil background data were collected from CAX
and NWSY sites. These sites consist of four soil assocaition types. For some locations,
duplicate samples were collected. In such cases, higher value was retained and used in the
statistical analyses perfromed by CH2MHILL to establish background level
concentrations. For comaprison sake, the reviewers also used the higher duplicate value,
even though the use of the average of duplicates is a preferred method and is commonly
used in practice. '

However, for background evaluation studies, the use of the lower value of the duplicate
results perhaps will be more appropriate resulting in a conservative estimate (95/95UTL)
of the background level concentration.

2.0 Constituents studied in this report

The reviewers used EPA software packages, ProUCL 4.00.05 and Scout to perform
statistical analyses for selected COCs described below. The notations used in the
statistical computation tables are described in ProUCL technical guide. For an example,
KM represents Kaplan Meier method used to compute a decision making statistic such as
an upper tolerance limit (UTL) based upon data sets with nondetects (NDs). The
following constituents have been used to verify the computations described in the Draft
CH2M HILL Report (February, 2010).

2.1 Inorganics — surface and subsurface soils



Arsenic (data consist of nondetects with multiple detection limits)
Lead

Manganese

Vanadium

2.2 Organics — surface and subsurface soils

el S

Benzaldehyde
Benzo(a)pyrene
Dieldrin

Endosulfan sulphate
Total Organics

Aol e

2.3 Groundwater

Arsenic, dissolved

Mercury, dissolved (data with nondetects at multiple detection limits)
Chromium, dissolved (data with nondetects at multiple detection limits)
Nitrobenzene (data with nondetects at multiple detection limits)
Arsenic

Manganese (data with nondetects with multiple detection limits)

Sk =

3.0 General Procedure to Compute UTLs

In order to compute defensible upper tolerance limits (UTLs) to estimate background
level concentrations, outlier analysis was performed for each selected COC. Since
outying observation may potentially represent impacted locations, identified outliers are
not inlcuded in the computation of UTLs. Outlier analysis was performed using Rosner’s
test when the number of observations was greater than 25 and Dixon’s outlier test when
the number was less than 25. For data sets with nondetects (NDs), the outlier tests were
performed on data sets obtained using half of the detection limit (DL/2) values for NDs.

In order to demonstrate the influence of outliers on the computations of various statistics,
95/95UTLs were computed in two ways - with and without outliers. Also in order to
compute manaeable statistics and estimates, oneway analysis of variance (ANOVA) was
performed to determine if concentrations for the COCs in the 4 soil associations differ
significantly. If the concentration distributions of a contaminant are comparable for the
four soil types, then it is desirable to compute a single UTL to estimate background
concentration for all soil associations combined.Statistical tests are also performed to
determine: 1) if concentrations of COCs differ significantly in surface and subsurface
soils; and 2) if concentrations of COCs found in CAX and NWSY background areas
differ significantly.

Background Analysis for Selected Organics and Inorganics in Soils

There are 4 soil associations present in CAX and NWSY sites. The first step is to
compare concentrations of the 4 soil associations to see if they can be combined to



compute 95/95UTLs. This was performed using One-way ANOV A (Scout software) for
surface and usbsurface soils. The next step is to search for high outliers since those
outliers may represent impacted locations resulting in inflated UTL values. Once the
outliers were removed, the UTLs were computed for the selected constituents. Depending
upon the data distribution (parameteric, nonparametric) and NDs, appropriate 95/95
UTLs were calculated to estimate background level concentrations.



3.1 Background Statistics for CAX Area

3.1.1 CAX surface soils

Classical One-Way ANOVA was per formed to determine if the concentrations of COCs in the 4 soil associations in CAX area are
comparable. The results of the ANOVA test are summarized in the Appendix, Table A-1. Based upon ANOVA test statistics, it is
concluded that data for the four soil associations can be combined for arsenic, manganese and vanadium. Results of outlier tests
performed on the combined data (4 soil associations) are summarized as follows. The outlier test on arsenic data was performed using

Y% DL values for NDs.

Table 3.1: Outliers in CAX surface soils

. Outlying

Metals N # Outliers Value (ID)
| 12.6 (BG4-SS01-00)
Arsenic 40 3 9.9 (BG1-SS03-00)
8.3 (BG1-SS06-00)
136 (BG1-SS03-00)
Lead 40 2 34.7 (BG1-8S09-00)
Manganese 40 1 435 (BG4-SS10-00)
. 50.3 (BG1-SS03-00)
Vanadium 40 2 41.2 (BG1-8509-00)

ANOVA was performed again on lead data after removing the 2 outlying locations shown in the above table. Once the outliers were
removed, ANOVA test results (Appendix, Table A-2) suggest that lead concentrations from the four soil associations can also be
considered as coming from a single statistical population.




Table 3.2: 95/95UTLs based upon datasets with and without outliers for CAX - surface soil

Metals N Max Mel::;w StansnchD No Outliers9 i UT\I’;’ith Outliers
Arsenic | 37(17NDs)| 6 1.178 (KM) | 1.552 (KM) 4.501 KM 7.921 KM
Lead 38 16 8.963 3.195 15.78 Normal 136 Nonparametric
Manganese 39 304 95.52 74.52 332 HW Gamma | 373.4 HW Gamma
Vanadium 38 26.1 9.626 5.848 27.38 Lognormal 36.8 Lognormal

3.1.2 CAX subsurface soils

A similar process was used for subsurface soil data collected from the CAX area. The ANOVA test statistics are given in Appendix,
Table A-3. Based upon ANOVA test results, it is concluded that data for the four soil associations can be considered as coming from a
single population. The following table summarizes outlier tests results. The outlier test on arsenic data was performed using %2 DL
values for NDs.

Table 3.3: Outliers in CAX subsurface soils

Metals N # Outliers V(:luut :lg]s))

18.6 (BG4-SB01-01)
15.9 (BG2-SB01-01)
Arsenic 40 5 13.8 (BG4-SB10-01)
12.5 (BG1-SB09-01)
10.4 (BG1-SB03-01)
83.7 (BG1-SB08-01)
Lead 40 3 35.3 (BG1-SB09-01)
35.3 (BG1-SB03-01)




208 (BG3-SB09-01)
Manganese 40 2 195 (BG43:SB01-01)
Vanadium 40 1 53.8 (BG3-SB03-01)

Table 3.4: 95/95UTLs based upon datasets with and without outliers for CAX - subsurface soil

Raw Statistics 95/95 UTL
Metals N Max Mean SD No Outliers With Outliers
Arsenic | 35(20NDs) | 6.8 2.73 (KM) 1.202 5.323 KM 12.83 KM
Lead 37 33 5889 1.375 8.831 Normal 83.7 .
Nonparametric
Manganese 38 154 46.29 39.32 172.5 HW Gamma 210.6 Gamma
Vanadium 39 37.8 17.37 10.15 38.94 Normal 54.98 Gamma

Conclusion: The concentrations of the selected metals found in four soil associations of CAX (for both surface and subsurface) are
comparable. The four surface (and subsurface) soil associations can be considered to represent a single population. Therefore,
background level concentrations (95/95 UTLs) can be computed using the combined surface (and combined subsurface) soil
associations data sets.

3.1.3 CAX surface soil and subsurface soils combined

It is always desirable to evaluate if there are significant differences in contaminants concentrations of surface and subsurface soils.
Two sample hypotheses tests were performed to determine if surface and subsurface concentrations for the selected COCs are
comparable.

Null Hypothesis Ho: Data from surface and subsurface soils are comparable and can be combined.
Alternate Hypothesis Ha: Surface and subsurface soils data are different and cannot be combined



Table 3.5: Two Sample Test Results — CAX surface soil versus CAX subsurface soil

Metals Test Conclusion ' P value (a = 0.05)
Arsenic Gehan Combine surface and subsurface soils 0.198
Lead t-Test Do not combine surface and subsurface soils 0
Manganese t-Test Do not combine surface and subsurface soils 0.001
Vanadium t-Test Do not combine surface and subsurface soils 0

Arsenic was the only metal where the surface and subsurface soil concentrations are comparable, and the two data sets may be merged
to compute a UTL based upon the combined data set. The 95/95SUTL for arsenic based upon the combined surface and subsurface soil
data sets is given in the following table.

Table 3.6: 95/95UTLs based upon CAX surface and subsurface data combined

Raw Statistics 95/95 UTL
Metals N Max Mean SD
Arsenic | 72(37NDs)| 6.8 | 1.457 (KM) 1.763 4.947 KM

Conclusion: For most of the CAX COCs evaluated in this report, there are significant differences in contaminant concentrations of
surface and subsurface soils, therefore, it is suggested to compute 95/95 UTLs separately for surface and subsurface soils.

3.2 Background Statistics for NWSY Site
The background analysis was performed for NWSY area following the similar procedure as used for CAX area.

3.2.1 NWSY surface soils

Classical ANOVA was performed to determine if the concentrations of the COC in four (4) soil associations are comparable. ANOVA
test results are given in Appendix, Table A-4. Based upon the ANOVA test statistics, it is concluded that concentrations of selected



COC:s in the 4 soil associations are comparable, and therefore just like the CAX area, 4 soil types can be considered to represent a
single statistical populations. Site-wide background level concentrations for surface soils can be computed based upon the combined
data set of the 4 soil types. Outlier tests were performed to identify any potentially impacted locations. As before, outlier test on
arsenic data set was performed using %2 DL values. The following table summarizes the outlier test results.

Table 3.7: Outliers in NWSY surface soils

) Outliers

Metals N # Outliers Value (ID)
. 63.9 (BGS21)
Arsenic 35 2 5.8 (BGS07)
43.1 (BGS07)
38.7 (BGS28)
Lead 35 4 25.3 (BGS22)
22.7 (BGS04)
491 (BGS03)
Manganese 35 2 413 (BGS38)

Vanadium 35 0 -

Table 3.8: 95/95UTLs based upon datasets with and without outliers for NWSY surface soil

Metals N Max Raw Statistics 95/95 UTL
Mean SD Without Outliers With Qutliers
Arsenic 33 42 1.897 0.967 4.528 HW Gamma 63.9 Nonparametric
Lead 31 16.7 11.57 3.08 18.34 Normal 43.1 Nonparametric
Manganese 33 340 99.02 89.83 403.6 HW Gamma 508.1 HW Gamma
Vanadium 35 34.7 15.25 6.808 32.66 HW Gamma 32.66 HW Gamma




From the above table, it is easy to see how outliers inflate the decision statistics (e.g., arsenic) used to estimate background level
concentrations.

3.2.2 NWSY subsurface soils

ANOVA test was performed to determine if concentration distributions of COCs in the 4 soil associations are comparable. The

- ANOVA test results are given in Appendix, Table A-5. Based upon ANOVA test results, it is concluded that concentrations of COCs
found in 4 soil associations are comparable, and therefore data of the 4 soil associations can be combined to compute 95/95 UTLs.
This means, a single background value can be computed for each of the selected COCs. In order to identify potentially impacted
locations present in the site-specific data set, outlier tests were performed. The outlier test on arsenic data was performed using.¥2 DL
values for NDs. The following table summarizes outlier test results.

Table 3.9: Outliers in NWSY subsurface soils

~ Metals N # Outliers V(:luut ;lg]s))

. 42.7 (BGSB07-11

Arsenic 13 2 262 EBGSBO4-O9§
Lead 13 0

2940 (BGSB07-11)
Manganese 13 3 353(BGSB04-01)

284(BGSB04-09)

Vanadium 13 0 : 0

10



Table 3.10: 95/95UTLs based upon datasets with and without outliers for NWSY subsurface soil

Raw Statistics 95/95 UTL
Metals N Max Mean SD No Outliers With Outliers
Arsenic 11 13.8 5.615 4.983 19.64 78.54 Gamma
Lead 13 4.2 11.78 6.778 29.89 29.89 Normal
Manganese 10 94.5 39.88 37.11 325 Gamma 8011 Lognormal*
Vanadium 13 70.3 28.94 21.74 87.01 Normal 87.01 Normal

* It is easy to see how outliers inflate the decision statistics (arsenic, manganese) used to estimate background level concentrations.
Conclusion: The concentrations of the selected metals found in four soil associations of NWSY are (for both surface and subsurface)

are comparable. The four surface (and subsurface) soil associations can be considered to represent a single population. Background
concentrations (95/95 UTLs) can be computed based upon the combined surface (and subsurface) soil data set.

3.2.3 NWSY surface soil and subsurface soils combined

Just like the CAX site, hypothesis tests were conducted to determine if the concentrations of the COCs in surface and subsurface soils
are comparable. The results are summarized in the following table.

Null Hypothesis Hy: Data from surface and subsurface soils are comparable and can be combined.
Alternate Hypothesis Ha: Surface and subsurface soils data are different and cannot be combined.
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Table 3.11: Two Sample Test Results — NWSY surface soil versus NWSY subsurface soil

Metals Test Conclusion P value (a = 0.05)
Arsenic WMW Combine surface and subsurface soils 0.104
Lead t-Test Combine surface and subsurface soils 0.885
Manganese WMW Do not combine surface and subsurface soils 0.018
Vanadium WMW Combine surface and subsurface soils 0.074

Test results for arsenic, lead, and vanadium suggest that surface and subsurface soil data may be combined to compute 95/95UTLs.
The following table summarizes UTLs computed using the combined data sets.

Table 3.12: 95/95UTLs based upon NWSY surface and subsurface data combined

Metals N Max MeI:::w StatlstlchD 95/95 UTL
Arsenic 44 13.8 | . 2.826 3.02 13.8 Nonparametric
Lead 44 25.5 11.63 4.41 20.86 Normal
Vanadium 48 70.3 18.96 13.86 64.95

Conclusion: For CAX area, it is concluded that there are significant differences in concentrations of selected COCs found surface and
surface soils. Since only four metals were evaluated for NWSY area, and manganese concentrations are found to be significantly
different in surface and subsurface soils. In order to keep things simple and comparable for the two background areas, it is suggested
that 95/95 UTLs be computed separately for surface and subsurface soils. Often in practice, separate background values are computed
for surface and subsurface soils.

3.3  Background Statistics for CAX and NWSY Background Areas all soils combined
Next, hypothesis tests were conducted to determine if concentrations of COCs in surface and subsurface from CAX are comparable to

corresponding surface and subsurface concentrations found in NWSY. The detailed test results for each of the metals are given in
Appendix, Tables A-6 to A-9. The main results are summarized in the following table.
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Null Hypothesis Ho: Data from CAX and NWSY can be considered coming from a single population

Alternate Hypothesis Ha: Data from CAX and NWSY represent different populations

Table 3.13: Two Sample Test Results — CAX soils versus NWSY soils — (surface and subsurface combined)

Metals Test Result P value (a = 0.05)
Arsenic WMW Do not combine CAX and NWSY soils 0.000
Lead WMW Do not combine CAX and NWSY soils 0.000
Manganese WMW Combine CAX and NWSY soils 0.504
Vanadium WMW Do not combine CAX and NWSY soils 0.0074
Table 3.14: NWSY/CAX Statistics — Using all background data
Raw Statistics 95/95 UTL
Metals N | Max Mean SD
Manganese 121 340 76.26 72.05 259.5

For most of the COCs considered in this report, it is noted that concentrations of those COCs found in CAX and NWSY are not
comaprable. Therefore, it is suggested that estimates (95/95UTLs) of background concentrations should be computed separately for

the two background sites: CAX and NWSY.

Conclusion: Concentrtaions for the selected COCs in the two background areas: CAX and NWSY are significantlly different.

Therefore, separate background level concentrations should be computed (95/95 UTLs) for the two background areas.

Error in Computation: While reviewing the CH2M HILL Report, some discrepancies were idenified. For an example, location
BGSB04-09 (353) represents an outlier for manganese (also found in the CH2M report) for soil association 3 and not from soil
association 1 (incorrectly included in calcluations for soil asscoiation type 1). It appears that this outlier has been incorrectly included

in the calculation of manganese UTL of 244.8 for soil association 1.
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It is suggested that CH2M HILL double check its calculations to assure that all statistics are correctly computed.
4.0 Background Analysis for Organics in Soils

CAX background data sets consist mostly of NDs for the four soil associations. Hence the data from the four soil associations for both
surface and subsurface were combined to compute UTLs after testing for outliers. No organics background data are available for the
NWSYsite. Due to lack of detected results, 95/95 UTLs are computed based upon the combined surface and subsurface data collected
from the CAX site. Several (6) outliers were identified for total organics as summarized in Table 4.1.

Table 4.1: Outliers for Total Organics - Surface and Subsurface Data Combined

Outliers
Value (ID)
133000 (BG1-SB03-01)
55100 (BG1-SB09-01)
52360(BG1-SB06-01)
40740 (BG1-SB05-01)
34600 (BG1-SB04-01)
28660 (BG1-SB01-01)

Chemical N # Outliers

Total Organics 40 6

The 95/95UTLs for selected COCs are summarized in Table 4.2.

Table 4.2: Statistics for Organic Compounds - Surface and Subsurface Data Combined

Raw Statistics
Organics D t# ¢ # NDs ( dgle:é d) (using detects) 95/95 UTL
elects Mean | SD EPA* CH2M HILL
Benzaldehyde 4 75 100 76 27.72 123.1 KM UTL* 123 KM UTL
Benzo(a)pyrene 1 78 4.2 - - - » -
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Dieldrin 7 72 45 3 0.927 | 3282 KMUTL | 3.54 KM UTL
Egd"s“'fa“ 7 72 3.4 26 0.735 | 3516 KMUTL | 3.54 KM UTL
ulphate
Total Organics | 34 0 10600 | 5315 | 2240 IBIAHEW 4600 Gamma
Gamma

*EPA = EPA Las Vegas

For Benzaldehyde, using the procedure used by CH2M HILL, the reviewers also get the same value for 95/95UTL. This gives us
confidence in the computations made by CH2M HILL. However, based upon the sample size requirements summarized in ProUCL
Tech Guide (Chapter 1), 95/95 UTL of 123.1 for Benzaldehyde (4detects and 75 NDs) deemed as an unreliable estimate of the
background concentration. '

For total organics, EPA identified 6 statistical outliers, and CH2M reported only 5 outliers (first 5 in Table 4.1 above). Inclusion of the
last outlier, 28660 is the cause of a higher value, 14900 for 95/95UTL.

Dealing with nondetects: It is not easy to compute reliable decision statistics based upon data sets consisting of only a few detected
values (e.g., 1 or 2). In a data set consisting mostly of NDs (e.g., >95%), a 95/95 UTL may also be considered a ND value. One can
use nonparametric KM method to compute a 95/95UTL when number of detected observations is at least 4-5 (more are preferred for
higher confidence) and percentage of NDs is less than 95%. However, the uncertainty associated with such a decision statistic (95/95
UTL) remains high. In such situations, one may want to use the largest or next largest detected value (provided they are not outliers)
as an estimate of the background level concentration. However, it is the recommendation of EPA that organic background
concentrations be eliminated given the high uncertainty surrounding the calculations involving a large number of nondetects.
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5.0 Background Analysis for Groundwater

Following, a similar procedure as used for metals in soils, background evaluations were performed for groundwater data for the
selected COC:s identified by EPA. Results of outlier analysis performed on groundwater data are summarized in the following table.

Table 5.1: Outliers in groundwater

Chemical N # Outliers V(:luut :I:Irls))
Arsenic 6.5 (YBKG-GW09A-YE-0809)
dissolve(,l 32 3 2.5 (YBKG-GWO08A-CC-0809)
2 (YBKL-GWO01P-CC-0809)
Chromium, 32 1 27.8(YBKG-GWO09A-YE-0809)
issolved
17.8 (YBKL-GWO01P-CC-0809)
17.2 (YBKL-GW01-CC-0809)
Arsenic 32 6 15.4 (YBKG-GWO01A-YE-0809)
8.9 (YBKG-GW(07-CC-0809)
7.8 (YBKG-GWO09A-YE-0809)
4.3 (YBKG-GWO08A-CC-0809)
279 (YBKG-GWO1A-YE-0809)
Manganese 32 4 126 (YBKG-GW10-CC-0809)
104 (YBKG-GW07-CC-0809)
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Table 5.2: 95/95 UTLs with and without Outliers

Chemical N Max Raw Statistics UTLs
(no outliers) Mean SD EPA (no outliers) EPA (with outliers) CH2M
j?rse“'c’ 29 1.6 | 0.614 0.329 1.552 HW Gamma 3.18 Lognormal 1.37 Gamma
issolved
3‘."““”’ 32(29NDs) | 0.14 | 0.104 0.0279 0.165 KM 0.118 KM
issolved
C(:‘.""“'“‘“’ 31(19NDs) | 5.8 2.05 1.399 5.123 KM 13.1 Lognormal 6.04 KM
issolved
Nitrobenzene | 32 (30NDs) | 9.4 | 2613 1.183 5.199 KM 5.64 KM
Arsenic 26 25 | 0.903 0.552 2518 HW Gamma | 17.8 Nonparametric 2.21 Gamma
Manganese | 28 (4NDs) | 13.4 | 29.54 12.97 58.66 KM 151.6 KM 57.9 Normal
Conclusion

For mercury, dissolved in groundwater, there are only 3 detects and they are all lower than the 29 nondetects with detection limit of
0.2. Three detected values for mercury are: 0.072, 0.1 and 0.14. The rest of the observations were nondetects with a detection limit of
0.2. As mentioned before, it is not possible to compute a reliable decision statistic (e.g., 95/95UTL) based upon such data sets with a
few detects. In such situations, one may use the maximum or the next to the maximum detected value (provided that value is not an
outlier) as an estimate of the background threshold concentration. As mentioned previously, EPA recommends that background
concentrations calculated with a large number of nondetects be eliminated given the high uncertainty. For mercury, the below maybe
acceptable to EPA, given that mercury is not identified as a COC for the Operable Unit. This should be discussed with the project
team, as the statistics are highly suspect.

In the present case, for mercury one may use 0.1 (second largest detected value) as an estimate of the background level concentration.
For Nitrobenzene, there were only 2 detected values: 2.4 and 9.4, and rest of the 30 results are nondetects with detection limit of 0.25.
It appears the detected value 9.4 may represent an outlier. Its cause should be determined as it may be a release. In such situation, the

background concentration may be estimated by the next largest value which is = 2.613 or just a nondetect value. Alternatively, since
most of the values for nitrobenzene are NDs, it can be determined that nitrobenzene is not present in background groundwater.
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6.0

Summary and Conclusions

For most of the COCs evaluated in this report, significant differences were found
in contaminant concentrations of surface and subsurface soils (for both CAX and
NWSY), therefore, it is suggested to compute 95/95 UTLs separately for surface
and subsurface soils.

The concentrations of the selected metals found in the four soil associations of
CAX area (for both surface and subsurface individually) are comparable.
Therefore, four surface (and subsurface) soil associations can be considered to
represent a single surface (and subsurface) population for CAX area. Background
concentrations (95/95 UTLs) can be computed based upon the combined surface
soil data set, and combined subsurface soil data set. A similar conclusion is
derived for the four soil associations of NWSY area.

This is contrary to the CH2M Report which states that only soil associations 3 and
4 could be combined.

Concentrations for the selected COCs in the two background areas: CAX and

- NWSY are significantlly different. Therefore, separate background level

concentrations should be computed for the two background areas.

As mentioned before, it is not possible to compute a reliable decision statistic
(e.g., 95/95UTL) based upon data sets consisting mostly of nondetect results (e.g.,
mercury and nitrobenzene in groundwater). EPA recommends that background
concentrations calculated with a large number of nondetects be eliminated given
the high uncertainty. Mercury maybe an exception as discussed above, based
upon input from the project team.

Overall, 95/95 UTL computations made by CH2M HILL appear to be correct
except in cases when the majority of data are nondetects.

Since some errors were identified in the calculations performed, it is suggested
that CH2M HILL double check its calculations to assure that all statistics are
correctly computed.

In some cases as identified in this report, it is noted that CH2M HILL included
outliers in their compuations resulting in inflating values of UTLs. These outlier
concentrations may have come from areas that have potentially been impacted by
site operations. Elevated observations (outliers) from these areas may represent

releases. Therefore, outliers should not be included in the computation of
95/95UTLs.
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Appendix

Table A-1  Classical One-Way ANOVA for the 4 metals in surface soil of the CAX
Background Area
Arsenic Lead
Group Obs Mean sD Variance Group Obs Mean SD Variance
ssi-bkl 10 3953 3382 11.44 ssibk1 10 2398 4046 1637
ssitbk2 10 1.286 1.06 1.124 ssibk2 10 85 1.57 2.464
ssitbk3 10 0.908 0.447 02 ssibk3 10 9.07 2161 4.669
ssibkd 10 2423 3.853 14.84 ssi-bk4 10 9.58 3631 1318
Grand Statistics (All data) 40 2143 2794 7.809 Grand Statistics (All data) 40 1278 2063 4255
Classical One-Way Analysis of V. Table Classical One-Way Analysis of V. Table
Source  SS DOF MS V.R.[F Stat) PValue Source  SS DOF MS V.R.[F Stat) P-Value
Between Groups 56.13 3 18.71 2712 0.0593 Between Groups =~ 1678 3 559.2 1.35 0.274
Within Groups ~ 248.4 36 6.9 Within Groups 14917 36 414.4
Total 3045 39 Total 16595 39
Pooled Standard Deviation 2.627 Pooled Standard Deviation 20.36
R-Sq 0.184 R-Sq 0101
Adj (R-Sq) 0116 Adj(R-Sq) 0.0262
Manganese Vanadium
Group Obs 'Mean sSD Variance Group Obs Mean sD Variance
ssibk1 10 42.94 3502 1227 ssi-bk1 10 18.78 16 256
ssibk2 10 128.2 6229 3880 ssibk2 10 8.43 2938 8634
ssibk3 10 127 8669 7515 ssibk3 10 321 5532 3086
" ssibk4 10 1322 1325 17548 ssibk4 10 9.25 6711 45.04
Grand Statistics (All data) 40 104 91.06 = 8292 -Grand Statistics (All data) 40 11.43 9.853 97.08
Classical One-Way Analysis of Vari. Table Classical One-Way Analysis of Vari. Table
Souce SS DOF MS V.R.[F Stat) PValue Source =SS DOF MS V.R.{F Stat) P-Value
Between Groups 51850 3 17283 2.291 0.0947 Between Groups 7235 3 241.2 2835 0.0518
Within Groups 271533 36 7543 Within Groups 3063 36 85.08
Total 323383 39 Total 3786 39
Pooled Standard Deviation 86.85 Pooled Standard Deviation 9.224
R-Sq 0.16 R-Sq 0.191
Adj (R-Sq) 0.0904 Adj(R-Sq) 0124
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Table A-2  Classical One-Way ANOVA for Lead in surface soil of the CAX
Background Area after removing the 2 outliers

Lead
Group Obs Mean SD Variance
ssi-bk1 8 8.638 5183 26.87
ssi-bk2 10 85 1.57 2.464
ssi-bk3 10 9.07 2161 4669
ssi-bk4 10 9.58 3631 1318
Grand Statistics (4l data) 38 8.963 3195 10.21

Classical One-Way Analysis of Variance Table

Source 55 DOF MS V.R.[F Stat) P-Value
Between Groups 6.913 3 2.304 0.211 0.888
Within Groups 3709 34 10.91
Total  377.8 37

Pooled Standard Deviation 3.303
R-Sq 0.0183
Adi(R-5q) -0.0683
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Table A-3

Classical One-Way ANOVA for the 4 metals in subsurface soil of the

CAX Background Area
Assenic Lead
Group Obs Mean SD Variance » Group Obs . Mean SD Variance
sbi-bkl 10 4.427 4.083 16.67 sbi-bk1 10 17.9 25.37 6436
sbibk2 10 482 4222 17.83 sbibk2 10 6.86 1.251 1.565
sbi-bk3 10 1.173 0.444 0197 sbi-bk3 10 5.2 1.169 1.367
sbi-bkd 10 4.526 6.297 3965 sbi-bkd 10 6.06 1.274 1.623
Grand Statistics (All data) 40 3.737 4.407 19.42 Grand Statistics (All data) 40 9.005 133 177

Classical One-W ay Analysis of Variance Table

Source  SS DOF MS V.R.[FStat) PValue
Between Groups 88.46 3 29.49 1.586 021
Within Groups ~ 669.1 36 1859
Total 7575 39

Pooled Standard Deviation 431
R-Sq o7
Adj (R-Sq) 0.0432

Manganese
Group Obs Mean sD Variance
sbibkl 10 24 25.8 665.5
sbibk2 10 65.76 3765 1418
sbhi-bk3 10 46.68 58.87 3466
sbi-bk4 10 79.78 6285 3950
Grand Statistics (All data) 40 54.06 51.41 2642

Classical One-Way Analysis of Variance Table

Source  SS DOF MS V.R.[F Stat) P-Value
Between Groups 17565 3 5855 2.4865 0.0779
Within Groups 85492 36 2375
Total 103057 39

Pooled Standard Deviation 4873
" RSq 017
Adi(R-Sq) 0.101
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Classical Dne-Way Analysis of Variance Table

Source  SS DOF MS V.R.[F Stat) P-Value
Between Groups 1069 3 356.2 -+ 2198 0.105
Within Groups 5834 36 162
Total 6902 39

Pooled Standard Deviation 1273
R-Sq 0.155
Adj(R-Sq) 0.0844

Vanadium
Group Obs Mean sSD Variance
sbibkl 10 18.09 16.09 2588
sbibk2 10 22.44 8.491 721
sbibk3 10 13.42 9647 9307
sbibkd 10 1816 1043 1087
Grand Statistics (All data) 40 18.28 1156 1336

Classical One-Way Analysis of Variance Table

Source =SS DOF MS V.R.[F Stat) PValue
Between Groups = 417.4 3 1391 1.045 0.385
Within Groups 4794 36 1332
Total 5211 39

Pooled Standard Deviation 11.54
R-Sq 0.0801
Adi(R-Sq)  0.00343



Table A-4  Classical One-Way ANOVA for the 4 metals in surface soil of the NWSY

Background Area
Arsenic . Lead
Group Obs Mean sD Variance Group Obs Mean sSD Variance
1 3 2233 1.106 1.223 1 3 15.63 7.537 56.81
2 12 2101 1.227 1.505 2 12 10.42 3325 11.05
3 13 2.054 1.296 1.679 3 13 16.88 11.6 1345
4 7 1053 2355 554.6 4 7 13.87 1.161 1.349
Grand Statistics (All data) 35 378 1052 110.7 Grand Statistics (All data) 35 1396 791 62.58
Classical One-Way Analysis of Variance Table Classical One-Way Analysis of Variance Table
Source  SS DOF MS V.R.[F Stat) P-Value Source  SS DOF MS V.R.[F Stat) P-Value
Between Groups  398.4 3 1328 1.223 0.318 Between Groups  270.3 3 90.1 1.504 0.233
Within Groups = 3367 3 108.6 Within Groups 1857 3 59.91
Total = 3765 34 Total 2128 34
Pooled Standard Deviation 10.42 Pooled Standard Deviation 774
) RSq 0106 RSq 0127
Adi (R-Sq) 0.0193 Adi(R-Sq) 0.0426
Manganese. Vanadium
Group Obs Mean SD Variance Group Obs Mean SD Variance
1 3 184 126.4 15988 13 16.43 6.679 4486
2 12 162 158.6 25146 2 12 13.28 4,607 21.22
3 13 8267 835 8011 3 13 15.79 8.378 7018
4 7 85.91 7286 5308 4 7 1713 7.43 55.21
Grand Statistics (All data) 35 119.2 120.8 145385 Grand Statistics (All data) 35 15.25 6.808 46.34
Classical One-Way Analysis of Vari Table Classical One-Way Analysis of Variance Table
Souce  SS DOF MS V.A(F Stat) PValue Souce  SS DOF MS V.R.(F Stat) PValue
Between Groups 59658 3 19886 1.412 0.258 Between Groups 7953 3 26.51 0.549 0652
Within Groups 436571 3 14083 Within Groups 1496 31 48.26
Total 496223 34 Total 1576 34
Pooled Standard Deviation 1187 Pooled Standard Deviation 6.947
R-Sq 012 R-Sq 0.0505
Adj(R-Sq) 0.0351 Adj(R-Sq)  -0.0414
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Table A-5  Classical One-Way ANOVA for the 4 metals in subsurface soil of the
NWSY Background Area
Arsenic Lead
Group Obs Mean sD Variance . Group Obs Mean SD Variance
3 3 12.83 1263 159.5 3 3 8767 4.486 2012
2 5 614 437 19.09 2 5 15.74 7.963 634
4 5 1229 17.83 317.8 4 5 9.64 5.678 3224
Grand Statistics (All data) 13 10.05 12.22 14393 Grand Statistics (All data) 13 11.78 6.778 45,95
Classical One-Way Analysis of Vari Table Classical One-Way Analysis of Vari. Table
Source  SS DOF MS V.R.[F Stat) P-Value Source  SS DOF MS V.R.[F Stat) PValue
Between Groups ~ 124.8 2 62.41 0.374 0.697 Between Groups ~ 128.5 2 64.27 1.52 0.265
Within Groups 1667 10 166.7 Within Groups ~ 422.8 10 4228
Total 1792 12 Total  551.4 12
Pooled Standard Deviation 1291 Pooled Standard Deviation 6.502
R-Sq 0.0697 R-Sq 0233
Adi(R-Sq)  -0.116 Adj(R-Sq) 0.0798
Manganese Vanadium
Group Obs Mean SD Variance Group Obs Mean sD Variance
3 3 2438 133.8 17916 3 3 3283 23.02 529.7
2 5 405 38.2 1453 2 5 33.06 17.85 3185
4 5 608.4 1304 1699605 4 5 22.48 27.39 750
Grand Statistics (All data) 13 305.8 799 638437 Grand Statistics (All data) 13 2894 21.74 4727
Classical Dne-Way Analysis of Variance Table Classical One-Way Analysis of Vari Table
Source  SS DOF MS V.R.(F Stat) P-Value Source  SS DOF MS V.R.[F Stat) PValue
Between Groups 821153 2 410576 0.6 0.567 Between Groups 339 2 169.5 0.318 0.735
Within Groups 6840087 10 684009 Within Groups 5334 10 533.4
Total 7661240 12 Total 5673 12
Pooled Standard Deviation ~ 827 Pooled Standard Deviation 2309
R-Sq 0.107 R-Sq 0.0598
Adi(R-Sq)  -0.0714 Adi(R-Sq)  -0.128
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Table A-6 Gehan’s Test for Arsenic in CAX and NWSY Background Areas

Sample 1 D ata: Arsenic[cax)

Sample 2D ata: Arsenic[nwsy)

Raw Statistics

Sample 1 Sample 2

Number of Valid Samples 72 44

Number of Non-Detect Data 37 0

Number of Detect Data 35 44
Minimum Non-Detect 023 N/A
Maximum Non-Detect 31 N/A

Percent Non detects  51.39% 0.00%
Minimum Detected =~ 0.094 0.36

Masimum Detected 6.8 138
Mean of Detected Data 2.709 2.826
Median of Detected Data 24 1.65

SD of Detected Data 1.816 3.02
Sample 1 vs Sample 2 GehanTest
HO: Muof Sample 2=MuofSample1

Gehanz TestValue  3.453
Lower Critical 2 (0.025)  -1.96
Upper Critical z [0.975) 1.96

PValue 5.54039E-4

Conclugion with Alpha = 0.05

RejectHO, Conclude Sample 2 <> Sample 1
P-Yalue < alpha[0.05)
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Table A-7  WMW Test for Lead in CAX and NWSY Background Areas
Sample 2 D ata: Lead[nwsy)

Sample 1 Data: Lead[cax)

R aw Statistics

Sample 1  Sample 2

Number of Valid Samples 75 44
Number of Distinct Samples 47 38
Minimum 1.1 42
M aximum 16 255
Mean 7.447 11.63
Median 6.8 11.4

SD 2.901 441
SE of Mean 0.335 0.665
W-Stat Rank Scores 3515 3626
Expected W Scores [H0) 4500 2640
SD of W Scores [HO) 181.7 181.7

Wilcoxon-M ann-Whitney (WhW) Test
HO: Mean/Median of Sample 2 =Mean/Median of Sample 1

Sample 2 Rank Sumw-Stat 3626
WMW U-Stat 2636
WMW Expected U 1650
WMwW SD ofU  181.7
Standardized WMw U-Stat 5.422
Lower Critical Value (0.025]) -1.96
Upper Critical Value [0.975) 1.96
Approximate P-Value 5.8855E-8

Approximate P-Value < alpha {0.05)

Conclusion withAlpha = 005
Reject HO. Conclude Sample 2 <> Sample 1

26



Table A-8  WMW Test for Manganese in CAX and NWSY Background Areas

Sample 2 D ata: Manganese(rwsy)
Sample 1 Data: Manganese[cax)

Raw Statistics

Sample 1 Sample 2

Number of Valid Samples 77 43
Number of Distinct Samples 74 43
Minimum 29 35
Maximum 304 340
Mean 71.23 85.27
Median 51.1 68.9

SD 64.37 84.16
SE of Mean 7.335 12.83
W-Stat Rank Scores 4573 2688
Expected W Scores (H0) 4659 2602
SD of W Scores [HO) 1827 182.7

Wilcoxon-Mann-Whitney (WkWw) Test
HO: Mean/Median of S ample 2 = Mean/Median of Sample 1

Sample 2 Rank Sum W-Stat 2688

Whw U-Stat 1742

WMW Expected U 1656
WMw SDofU 1827

Standardized WhWw U-Stat 0.468

Lower Critical Value (0.025)  -1.96
Upper Critical Value (0.975)  1.96
Approximate P-Value  0.64

Approximate P-Value >= alpha [0.05]

Conclusion with Alpha =005
Do Notheiect HO, Conclude Sample 2 =Sample 1
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Table A-9  WMW Test for Vanadium in CAX and NWSY Background Areas

Sample 2 D ata: Yanadium(nwsy)
Sample 1 D ata: ¥anadium([cax)

Raw Statistics

Sample 1 Sample 2

Number of Valid Samples 77 48
Number of Distinct Samples 71 44
Minimum 2.1 1.2
Maximum 37.8 70.3
Mean 13.55 18.96
Median 10.9 14.9

SD 913 13.86
SE of Mean 1.041 2
W-Stat Rank Scores 4324 3552
Expected W Scores (HO) 4851 3024
SD of W Scores (HO) 197 197

Wilcoxon-M ann-Whitney (W] Test

HO: Mean/Median of Sample 2 = Mean/Median of Sample 1

Sample 2 Rank SumW-Stat 3552

WMw U-Stat 2376

WMW Expected U 1848

WMwW SD of U 197

Standardized WMW U-Stat 2675
Lower Critical Value (0.025) -1.96
Upper Critical Value (0.975) 1.96
Approximate PValue  0.00747

Approximate P-¥Yalue < alpha [0.05)

Conclusion with Alpha = 0.05
RejectHO, Conclude Sample 2 <> Sample 1
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This concludes EPA’s review of the Navy’s February, 2010 draft Calculation of
Background Concentrations TM for the NWSY NPL site, and the CAX NPL site. If you
have any questions, please feel free to call me at (215) 814-3357,

Sincerely,

Robert Thomson, P.E., R.E.M.
Federal Facility Remediation (3HS11)

Cc: Wade Smith (VaDEQ, Richmond)
Dawn Ioven (USEPA, 3HS41)
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Navy’s Response to EPA’'s Comments on Draft TM




CH2M HILL
5700 Cleveland Street, Suite 101

] Virginia Beach, VA 23462
@ cH2MHILL
-
June 30, 2010
358549.RP.FR

Mr. Robert Thomson, P.E., R.E.M.
Office of Federal Facility Remediation

United States Environmental Protection Agency (EPA), Region 3
1650 Arch Street
Philadelphia, PA 19103-2029

Subject: Response to USEPA Comments: Draft Technical Memorandum, Calculation of
Background Concentrations Technical Memorandum at Naval Weapons Station Yorktown and
Cheatham Annex, Naval Weapons Station Yorktown (WPNSTA), Yorktown, VA and Cheatham
Annex (CAX), Williamsburg, VA

Dear Mr. Thomson:

This letter is in response to comments received on May 5, 2010 regarding the referenced
draft document. Each comment is presented in italics, followed by the Navy’s response. The
order of the comments and responses, as provided by USEPA, has been modified slightly to
allow for the most broad-reaching issues to be addressed first.

Comments and Responses:

e Concentrations for the selected COCs in the two background areas: CAX and NWSY are
significantly different. Therefore, separate background level concentrations should be
computed for the two background areas.

Response: Although USEPA’s analysis indicates a statistical difference between the soils at
Yorktown and CAX; it should be noted that these facilities are immediately adjacent to each
other, are part of the same watershed and have undergone the same environmental genesis (i.e.,
hydrology, erosion, deposition). The bases consist of identical soil types as presented in the Soil
Conservation Survey for York County. Some of the statistical differences may, in part, be a
result of slightly different depths at which the samples were collected at each base. However, the
Navy believes that in order to best support the decision making process, a wider range of data
should be considered in the data set. The data set should not be determined solely on the
statistical fit of the data. USEPA agreed to the approach presented in the work plan to combine
the data sets based on the physical setting of the bases. The amount of data, particularly for the
groundwater dataset at Cheatham Annex, is insufficient to separate the sets. Additional data
collection would unnecessarily delay site decisions and is currently not funded. Therefore, the
Navy believes that the sample data should be combined.

Further information on the soils, geology, and hydrology of the two bases may be found in the
following publications:



Thomas, P. and Harper, D., Soil Survey of Tidewater Cities Area, Virginia. U.S. Department of
Agriculture, Natural Resources Conservation Service. 2008.

Brockman, A., Nelms, D. and others. Geohydrology of the Shallow Aquifer System, Naval
Weapons Station Yorktown, Yorktown, Virginia. U.S. Geological Survey Water-Resources
Investigations Report 97-4188. 1997.

e For most of the COCs evaluated in this report, significant differences were found in
contaminant concentrations of surface and subsurface soils (for both CAX and NWSY),
therefore, it is suggested to compute 95/95 UTLs separately for surface and subsurface soils.

Response: Calculating separate UTLs for surface and subsurface soils is acceptable to the Navy.
The background UTLs in the draft final document will be updated accordingly.

e The concentrations of the selected metals found in the four soil associations of CAX area (for
both surface and subsurface individually) are comparable. Therefore, four surface (and
subsurface) soil associations can be considered to represent a single surface (and
subsurface) population for CAX area. Background concentrations (95/95 UTLSs) can be
computed based upon the combined surface soil data set, and combined subsurface soil data
set. A similar conclusion is derived for the four soil associations of NWSY area.

This is contrary to the CH2M Report which states that only soil associations 3 and 4 could be
combined.

Response: The Navy agrees to combine all soil associations for the purpose of UTL calculation.

¢ As mentioned before, it is not possible to compute a reliable decision statistic (e.g.,
95/95UTL) based upon data sets consisting mostly of non-detect results (e.g., mercury and
nitrobenzene in groundwater). EPA recommends that background concentrations calculated
with a large number of non-detects be eliminated given the high uncertainty. Mercury maybe
an exception as discussed above, based upon input from the project team.

Response: It is agreed that UTL calculations will not be completed for constituents for which
data sets consist of a large number of non-detects.

e Overall, 95/95 UTL computations made by CH2M HILL appear to be correct except in cases
when the majority of data are non-detects.

Response: Comment noted. Please see the previous response of proposed use of data with a
majority of non-detects.

e Since some errors were identified in the calculations performed, it is suggested that CH2M
HILL double check its calculations to assure that all statistics are correctly computed.

Response: The Navy is aware that one soil sample (BGSB04-09) may have been grouped within
the wrong soil type. Following final resolution of sample groups, the statistics will be
recalculated, but the incorrect grouping based on soils types will not have an impact on the final
statistics. If there were any additional errors which were identified which would impact the new
calculations, the Navy would appreciate the USEPA’s help in identifying these.
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e Insome cases as identified in this report, it is noted that CH2M HILL included outliers in
their computations resulting in inflating values of UTLs. These outlier concentrations may
have come from areas that have potentially been impacted by site operations. Elevated
observations (outliers) from these areas may represent releases. Therefore, outliers should
not be included in the computation of 95/95UTLs.

Response: The intended approach during development of UTLs was to complete calculations
without using outliers. There were probably some discrepancies in the outliers identified based
on the grouping of soil associations in the USEPA calculations compared to the original Navy
calculations. Any outliers will be excluded during the recalculations.

e Groundwater, surface, and subsurface soil background data were collected from CAX and
NWSY sites. These sites consist of four soil association types. For some locations, duplicate
samples were collected. In such cases, higher value was retained and used in the statistical
analyses performed by CH2M HILL to establish background level concentrations. For
comparison sake, the reviewers also used the higher duplicate value, even though the use of
the average of duplicates is a preferred method and is commonly used in practice.

However, for background evaluation studies, the use of the lower value of the duplicate
results perhaps will be more appropriate resulting in a conservative estimate (95/95UTL) of
the background level concentration.

Response: The Navy does not agree that use of the lower value of a pair of background
duplicate samples is appropriate. During the comparison of site data to screening levels
(e.g., RSLs, MCLs and background UTLs), the higher of the two site values is required in the
comparison which reflects a more conservative measure. However, selecting the lower (and
more conservative) duplicate value in the background data set will result in comparison of a
conservatively high site value with a conservatively low background value. This may lead
to unnecessary concerns of a release or clean up values below levels actually representative
of background. The Navy requests the inclusion of the maximum duplicate number into the
background data set for the purpose of UTL calculation.

o When reviewing the CH2M HILL report, some discrepancies were identified. For an example
location BGSB04-09 (353) represents an outlier for manganese (also found in the CH2M HILL
report) for soil association 3 and not from soil association 1 (incorrectly included in calculations
for soil association type 1. It appears this outlier has been incorrectly included in the calculation
of manganese UTL of 244.8 for soil association 1.

Response: Background calculations will be reevaluated and checked following agreement
on the grouping of the data sets. After data partitioning decisions are completed, it will be
determined if this result remains an outlier and the data may be excluded from the UTL
calculation, as appropriate.

o “However, it is the recommendation of EPA that organic background concentrations be
eliminated given the high uncertainty surrounding the calculations involving a large number of
nondetects.”

Response: The Navy agrees that a high degree of variability may exist with organic
background concentrations and UTLs for these compounds will not be included in the

revised calculations.
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If you have any questions or comments regarding the above response to comments, please
feel free to contact me at 757-873-1442, x41634.

Sincerely,

CH2M HILL

Y oinde Qv —

Marlene Ivester
Project Manager

cc: Mr. Chris Murray/ NAVFAC Mid-Atlantic
Mr. Tom Kowalski/NAVFAC Mid-Atlantic
Ms. Sue Haug/USEPA
Mr. Wade Smith/VDEQ
Mr. Bill Friedmann/CH2M HILL
Ms. Laura Cook/CH2M HILL
Ms. Stephanie Sawyer/CH2M HILL
Mr. Adam Forshey/CH2M HILL
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EPA’s Review of Navy’s Response




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION Il
1650 Arch Street
Philadelphia, Pennsylvania 19103-2029

Robert Thomson, P.E., R.E.M. Direct Dial (215) 814-3357
Office of Federal Facility Remediation Mail Code: 3HS11

Date: August 5, 2010
Mr. Thomas Kowalski
NAVFAC MIDLANT, Code EV3
9742 Maryland Avenue
Building N-26, Room 3208
Norfolk, VA 23511-3095

Re:  Naval Weapons Station—Yorktown NPL site, Yorktown, Va.
Naval Supply Center — Cheatham Annex NPL site, Williamsburg, Va
Calculation of Background Concentrations Technical Memorandum
Review of the Navy’s 6/30/10 response to EPA’s 5/5/10 letter

Dear Mr. Kowalski:

The U.S. Environmental Protection Agency (EPA) has reviewed the U.S. Navy’s
(Navy’s) June 30, 2010 response to EPA’s May 5, 2010 letter pertaining to the Navy’s
February, 2010 draft Calculation of Background Concentrations Technical Memorandum
(TM) for the Naval Weapons Station-Yorktown (NWSY) NPL site, and the Naval Supply
Center — Cheatham Annex (CAX) NPL site. Based upon that review, we offer the
following:

1. Based upon rigorous statistical evaluations, it was concluded that concentrations of
the COCs in CAX and NWSY base areas are significantly different. The EPA did not,
as the Navy’s response contends, agree to ultimately combine the data sets without
first evaluating the appropriateness of doing so. Statistically, the data sets are
different. Thus, any rationale for combining the data sets has not been clearly
presented by the Navy. For evaluating the appropriateness of combining said data sets
outside the realm of statistics, it is recommended that a sensitivity analysis be
performed to determine the degree of variation between data sets. For such a
comparison, EPA recommends using the old Yorktown inorganic background data
set, the new Yorktown inorganic background data set, and the new/existing Cheatham
Annex inorganic background data set (even though it is small). Comparison of
inorganic background concentrations between the three data sets should be illustrated
for discussion with the EPA. We are looking for the range of variability between the
data sets.

2. For site versus background comparisons, typically the higher duplicate site value is
compared with background statistics or some other screening level. For the
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computation of background statistics, the use of the higher duplicate value may yield
inflated values of background statistcis (e.g., 95/95UTLs). This is especially true
when the difference between the duplicate values is large.

It is suggested again that the Navy use an appropriate duplicate value (e.g., average or
lower) to compute background statistics. If the use of the lower duplicate value is not
acceptable, the Navy may just use the commonly used average value.

This concludes EPA’s review of the Navy’s 6/30/10 response to EPA’s 5/5/10
letter pertaining to the Navy’s February, 2010 draft Calculation of Background
Concentrations TM for the NWSY NPL site, and the CAX NPL site. Please note that the
remaining Navy responses not directly addressed above are considered acceptable.
Additionally, based upon the Navy’s responses, recalculation of the background data is
necessary given the responses by the Navy. It is noted that such recalculations may also
be affected by the outcome of the two remaining issues outlined above.

If you have any questions, please feel free to call me at (215) 814-3357.

Robert Thomson, P.E., R E.M.
Federal Facility Remediation (3HS11)

Cc: Wade Smith (VaDEQ, Richmond)
Dawn Joven (USEPA, 3HS41)



Navy’s Response to EPA’s Review




WPNSTA and CAX Background Study

Review of Latest EPA Comments and
Team Consensus on Path Forward

August 2010



Presentation Purpose

» Review EPA’s 8/5/10 response to the Navy's
6/30/10 RTC letter

» Discuss the appropriateness of combining
the CAX and Yorktown data sets

» Team consensus on path forward for CAX
background (BG) values



Review of EPA’s 8/05/10 Response

» EPA Comment 1:

“Based upon rigorous statistical evaluations, it was concluded that concentrations of the COCs
in CAX and NWSY base areas are significantly different. The EPA did not, as the Navy's
response contends, agree to ultimately combine the data sets without first evaluating the
appropriateness of doing so. Statistically, the data sets are different. Thus, any rationale for
combining the data sets has not been clearly presented by the Navy. For evaluating the
appropriateness of combining said data sets outside the realm of statistics, it is
recommended that a sensitivity analysis be performed to determine the degree of variation
between data sets. For such a comparison, EPA recommends using the old Yorktown
inorganic background data set, the new Yorktown inorganic background data set, and the
new/existing Cheatham Annex inorganic background data set (even though it is small).
Comparison of inorganic background concentrations between the three data sets should be
illustrated for discussion with the EPA. We are looking for the range of variability between
the data sets.”



Review of EPA’s 8/05/10 Response continued

» Navy Response:

The EPA’s 5/5/10 comments on the BG Study calculations technical memorandum provided
examples of how the variability differed between the Yorktown and Cheatham Annex data
sets. CH2M HILL’s analysis of variance (ANOVA) indicated there were statistical
differences. Therefore, performing a sensitivity analysis would simply reiterate this
statistical finding and would not advance the discussion. The Navy contends that the
statistical difference between the data sets should not preclude them from being
combined. To view the combination of these data from strictly a statistical standpoint is
academic and not practical for real world application, as non-statistical conditions, such as
the environmental genesis (deposition, erosion, etc.) of both bases, are important and
should be considered as well.

The next several slides that follow discuss why it is appropriate to combine the data sets.



» Provides CAX with a more robust, useful BG set

» Example 1 - Inorganics in Surface Soill:

Constituent™

Soil Assoc
1
Arsenic 1.75/9.9
Lead 9.41/136
Manganese 164/257
Vanadium 10.19/50.3

Inorganic Data Qualifier Definition:

CAX UCLs/MAX BG

(mg/kg)

Soil Assoc Soil Assoc
2 3
1.75/4.1 1.17/1.7)
9.41/11 10.32/12.2
164/257 163/278
10.19/15.2 12.42/22.1

J = The associated value is an estimated quantity.
L= The analyte is present. The reported values may be biased low. The actual value is expected to be higher than reported.

Soil Assoc
4

4.48/12.6

12/16

209/435

13.14/26.1

Soil Assoc
1

2.82/3.4

18.98/22.7

242.17/298

19.38/21.2

WPNSTA UCLs/MAX BG

(mg/kg)

Soil Assoc Soil Assoc
2 3
2.92/4.2 2.71/5.8
11.81/16.5 20.40/43.1
208.38/413  262.89/340
16.35/20.8 19.39/27.8

Soil Assoc
4

17.66/63.9

20.08/38.7L

190.53/491

22.69/34.7

*USEPA Vegas studied these constituents in their report on the draft Background Calculation of Background Concentrations Technical
Memorandum, as provided in USEPA’s May 5, 2010 comment letter.

**Without Outliers

Appropriateness to Combine the Data Sets

EPA Vegas
95/95 UTL**
(mg/kg)
CAX WPNSTA

4.501 4.528
15.78 18.34
332 403.6
27.38 32.66



Appropriateness to Combine the Data Sets,
continued

» Example 2 - Inorganics in Subsurface Soil:

CAX UCLs/MAX BG WPNSTA UCLs/MAX BG EPA Vegas
(mg/kg) (mg/kg) 95/95 UTL**
(mg/kg)
Constituent>
Soil Assoc Soil Assoc Soil Assoc Soil Assoc Combined
1 2 3 4 (no per Soil Assoc values) CAX WPNSTA

Arsenic 6.66/12.5 7.20/15.9 0.99/2.1 8.00/18.6 13.41/42.7 5.323 19.64
Lead 33/83.7 7.59/8.3 5.89/6.7 6.80/8.1 15.66/25.5L 8.831 29.89
Manganese 39/86.2 99/135 81/208 116/195 582.51/2940 172.5 325
Vanadium 27/53.8 27.36/33.2 2.39/36 25.2/35.1 36.59/70.3L 38.94 87.01

Inorganic Data Qualifier Definition:
J = The associated value is an estimated quantity.
L= The analyte is present. The reported values may be biased low. The actual value is expected to be higher than reported.

*USEPA Vegas studied these constituents in their report on the draft Background Calculation of Background Concentrations Technical
Memorandum, as provided in USEPA’s May 5, 2010 comment letter.
**Without Outliers



Appropriateness to Combine the Data Sets,
continued

» From a geologic, hydrologic, and geomorphologic perspective,
the soils of Yorktown and CAX are the same, and it is
appropriate to combine the data.

¢ The bases are adjacent.

¢ Both bases derived from the same geomorphologic and geologic
processes and are part of the same physiographic province.

¢ Both have the same soil associations and underlying aquifers.



WPNSTA and CAX are Adjacent to Each Other

Legend
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Figure 1-1

Location of WPNSTA Yorktown and CAX
Site Management Plan for FY 2010 to 2011
WPNSTA Yorktown, Yorktown, Virginia

CAX, Williamsburg, Virginia
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WPNSTA and CAX have the same Geology

GENERALIZED GEOLOGIC MAP OF VIRGINIA COASTAL PLAIN
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WPNSTA and CAX are within the same
Physiographic Province
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u S DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

GENERAL SOIL MAP

JAMES CITY AND YORK COUNTIES
AND THE CITY OF WILLIAMSBURG, VIRGINIA

Scale 1:190.080
2

LEGEND
SOILS ON LOW COASTAL PLAINS AND RIVER TERRACES

Tomotioy-Altavista-Dragston: Deep, poarly drained, moderately
well drained, and somewhat poorly drained seits thei deminantly
are loamy and are nearly level; on low flats and terraces

Levy Pamunkey-Dogue: Deep, very poerly drained, well drained,
IE and moderately well drained soils ¥hat dominantly are clayay or
koamy and are nearly level or genily sloging; in freshwaier
marshes and on low lerraces

Emparig-Bohicke!-Slagle: Deep, well drained, very poorly drained,
and moderately well drained soils that dominantly are loamy

or clayey and are nearly level to very steep; an escarpmenis
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Peawick-Emporia-Levy: Doep, moderately well drained, wall
drained, and very poorly drained soils that dominanty are
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marshes

S0ILS ON COASTAL PLAIN UPLANDS
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- well drained soils that dominantly are clayey or lpamy and sre
nearly level 1o gently sloping; on flals and in depressions on
uplands

CAX (approx. boundary)
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| drained soils hat dominantly are loamy and are genlly sioping
to vory steep; on uplands

WPNSTA (a'pprox' bounda‘ry) Emporia-Craven-Uches: Desp, wall drained and moderately well

drained soils thet dominantly are lamy or clayey and are gently
sloping to very steep: an upland ridges and sida slopes
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Kempsville-Emporia-Sutiolk: Deep, well drained soils that
- dominantly are loamy and are gently sloping lo vary steep: on
upiand ridges and side sfopes

*The texture given in the descriptive headings refers to the
subsoil or subsiratum of the major soils.
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Appropriateness to Combine the Data Sets,
continued

» The approved background study work plan detailed the
combination of the two data sets. The Navy was aware the EPA
wanted to evaluate the data before agreeing on the calculation
method (i.e., ProUCL vs. another method), however, was
unaware that combining the data sets was in question.

» Separating the sets would require additional sample collection at
CAX in order to calculate 95/95 UTLs. This would be a
significant delay in the CAX Team schedule and goals and
Impacts the Draft Sls for 8 CAX sites. The current background
study has been over 3 years in duration.

» Overall, background is one tool used to evaluate site data.
Using the combined 95/95 UTLs does not mean a site that
should be evaluated further will be eliminated. However, using
CAX’s current BG set does mean that a site or specific 13
compounds could unnecessarily be elevated to an RI.



Review of EPA’s 8/05/10 Response continued

» EPA Comment #2:

“For site versus background comparisons, typically the higher duplicate site value is compared
with background statistics or some other screening level. For the computation of
background statistics, the use of the higher duplicate value may yield inflated values of
background statistics (e.g., 95/95UTLs). This is especially true when the difference
between the duplicate values is large. It is suggested again that the Navy use an
appropriate duplicate value (e.g., average or lower) to compute background statistics. If
the use of the lower duplicate value is not acceptable, the Navy may just use the
commonly used average value.”
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Review of EPA’s 8/05/10 Response continued

» Navy Response:

The Navy disagrees that using the lower or average value is an
appropriate comparison, and that maximum BG concentrations should be
used.

BG sample locations were selected based on a review of past activities at the
base and represent areas not impacted by CERCLA releases.

By not including all of the duplicate values is statistical bias and not
representative of the background conditions. Lower duplicate values are
being requested for BG, and higher duplicate values for the site.

Duplicate values represent the natural variability of that constituent over a
short distance.

Mathematical outliers were excluded from the BG data set.

Lower or average values for duplicate samples may require further
investigation and remediation of non-CERCLA related releases.
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Team Consensus on Path Forward

» Does each Team member agree it is appropriate to
combine the CAX and WPNSTA data sets?

» Does each Team member agree with using the
higher (or maximum) duplicate value for computing
the 95/95 UTLS?

» Following Team consensus on the CAX BG values to
use, they will be presented in a BG study report.

16



Please contact:

Chris Murray
christopher.r.murray@navy.mil
(757) 341-0485

17



Team Agreement for Final TM




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
' REGION Il
1650 Arch Street
Philadelphia, Pennsylvania 18103-2029

Susanne Haug, P.E. Direct Dial (215) 814-3394
NPL/BRAC Federal Facilities Branch Mail Cede: 3HS11

Date: October 5, 2010

_Mr. Christopher Murray

NAVFAC MIDLANT, Code OPHREV4
9742 Maryland Avenue, Bldg N-26
Norfolk, VA 23511-3095

Re: Calculation of Background Concentrations, Naval Weapons station Yorktown,
Yorktown, Virginia and Cheatham Annex Williamsburg, Virginia, February 2010

Dear Mr. Murray:

The U.S. Environmental Protection Agency (EPA) has reviewed the responses to
comments sent via an e-mail attachment on 9/21/2010 regarding the U.S. Navy’s above
referenced report. Although we disagree with the responses to the two remaining comments
presented in that e-mail attachment we accept the report. This acceptance should not be
construed as an acceptance to use the same methodology at other Facilities. We will accept the
report in this case because the computed background numbers are within an acceptable range for
that part of the country and are not expected to affect the outcomes of any studies since the
computed background numbers are below risk numbers.

If you have any questions, please feel free to call me at (215) 814-3394.

Sincerely,

Susanne Haug, P.E.
Federal Facility Remediation (3HS11)

Cc:  Wade Smith (VaDEQ, Richmond)
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January 6, 2011

Mr. Thomas Kowalski

Mr. Chris Murray

NAVFAC MIDLANT, Building N-26

Hampton Roads Restoration Product Line, Code OPHREV4
9742 Maryland Avenue

Norfolk, VA 23511-3095

RE: Final Calculation of UTL Background Values
Technical Memorandum
Naval Weapons Station Yorktown
Yorktown, Virginia and
Cheatham Annex
Williamsburg, Virginia

Dear Mr. Kowalski and Mr. Murray:

The Virginia Department of Environmental Quality (DEQ) has received the Calculation of UTL Background Values
at Naval Weapons Station Yorktown and Cheatham Annex (Tech Memo). The December 30, 2010 Tech Memo,
prepared by CH2M HILL, was received by the DEQ (electronically) on January 4, 2011.

Thank you for providing the DEQ’s Office of Remediation Programs the opportunity to review the above-referenced
Tech Memo. Subsequent to DEQ’s internal review, this office is in agreement with the approach for calculating
upper tolerance limit (UTL) background values in soil and groundwater at Naval Weapons Station Yorktown,
Yorktown, VA and Cheatham Annex, Williamsburg, VA.

Please contact me at (804) 698-4125 or wade.smith@deq.virginia.gov with any additional questions.

Sincerely,

s

Wade M. Smith
Remediation Project Manager
Office of Remediation Programs

cc: Robert Thomson, EPA
Susanne Haug, EPA



